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as in mate 
a, as in senate 
as in hair 
a, as in hat 
a, as in father 

а, a sound between a and a, as in 
castle 

ch, as in chest 
e, as in Sve 
e, as in relate 
S, as in bt:nd 
e, as in reader 
g, as in go 
as in bite 
1, as in mn 
k, as in key 

K, the guttural sotmd of ch, as in 
the German cLch^ or the Scotch loch 

n, as in not 

N, the French nasal sound, as in hon 
ng, the En^sh nasal sound, as in 
strong 

o, as in bone 

Of as in Christopher 

б, as in lOrd 
5, as in hbt 


oi, as in toil 
uo, as in soon 
TO, as in book 
ou, as in shout 
s, as in so 
sh, as in ship 
th, as in thumb 
as in thus 
u, as in care 
u, as in accurate 
fi, as in fur 
li, as in us 

ii, a sound formed by pronouncing € 
with the lips in the position for 
"Uo, as in the German iiber and the 
French une 
zh, as in azure 

an indication that a vowel sound 
occurs, but that It is elided and 
cannot be identified, as in apple 
(ap-1) 

A heavy accent (') follows a syllable 
receiving the principal stress, 
and a lighter accent (') follows a 
syllable receiving a secondary 
stress. 
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Old sailing ships like this one have long since disappeared from 
the crowded lanes of ocean travel, but they still sail bravely 
on across the pages of the poets and find safe harbor in the 
imaginations of all mankind. 
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Reading Unit 
No. 1 


HOW IS A LANGUAGE MADE? 


.\ote: For basic information 
not found on this fia^e, consult 
the general Index, Vol. 75. 


For statistical and current 
facts, consult the Richards Year 
Book Index. 


Interesting Facts Explained 


Several thousand lan^iiapes make 
up two families of languages. 
10-2 

'I’he beginnings of the Knglish 
language. 10-4 
How words change. 10 4 
How spelling and pr<»nunciation 
change. 10 4 


The relationshij) of French to 
(>erman. 10 5 
(Irimm’s Law. 10 6 
Esperanto, a universal language. 
10 -7 

The <leaf and dumb alphabet, 
10 6 

Basic Engli.sh. 10-7 


1' kings to Think About 

How do languages change? beginnings tif a language? 

Does difference in language tend What are the theories as to how 

to cause friction between na- the first word.s came to lie 

tions? .spoken? 

How do learned men trace the 

Related IMaterial 


What is sound? i--44.^-50 
How do the vocal chords pro- 
duce sound ? I -4 50 
What languages did the .Ameri- 
can Indians speak? 7 108 
What part has Latin played in 
the growth of other languages? 
10 1 1 

Why was Latin jwpular during 


the Middle Ages? 5 27CX 280 

Why is Latin use<l in botany''’ 
2-183 

How does “.\merican English " 
differ from “Briti.sh Engli.sh’"-' 
io-?3 

When did English c«»me t«) be 
.spoken in official circles in 
England? 6 28. 10 ri 


Practical A pplications 

How does a language reflect the How can we trace the early his- 
ideas and activities of the peo- tory of people through their 

pie who use it? 10-6 speech? 10 4-5 

L eisure-ti me A cti vities 

PROJE('T XO. 1 : I.earn the of words which are alike in Eng- 
deaf and dumb alphabet. 10-6 lish and in other languages, 10- 

PROJECT XO. 2: Make a list 4-5 

Summary Statement 

Chinese and Indo-European which most of the languages of 
are the parent languages from the world are descended. 







1'liiito I i tirii i"l jrff Hi ^ 

Do you believe that they are talking together? Whether understanding of some kind» for children and dogs 
they both can talk or not, they certainly come to an seem to be made to get along together. 

HOW IS a LANGUAGE MADE? 

Here Is the Strange Story of the Way That 
Languages Were Born and Grew Up 


IlhX hahy says his lust word il is a 
great day in the faniilv. And so it 
should be, for every time a baby sa\ s 
his iirsl woid it is an aniinersary, or birth- 
day, of one of the greatest e\ents in human 
history — the first saying of the first word 
of all. 

Of course that first word of all was sjioken 
so long ago tfiat we can only guess what 
word it was and how^ it happened to be 
spoken. Learned men have spent much 
time in puzzling over the problem as to 
how the first word came to be spok ' and 
they have devised four theories, or guesses, 
as they might be called, to account for it. 
These four theories have delightful names 
— the bow-wow theory, the pooh-pooh the- 
ory, the ding-dong theory, and the goo-goo 
theory. 

One of these great thinkers, tr>’ing to 
decide how the first word came to be siioken, 


tool i look at the animals. He saw that 
the Ui)g has a sort of language — a yelp of 
pain or fear, a growl of anger, a bark of 
exutement The bird too has its language 

a note to call to its mate, and another U 
drive aw'ay an enemy from the nest. 

Xow cvcr>one knows that primitive man 
was a great imitator. Why may he not 
haw oegun using a bark-word to point out 
the dog, a song-word to mean the bird, aiio 
•‘O on? These sounds were continually 
hitting hN ears, and why should he not 
have begun his own talking by imitating 
them? Tiny children even nowadays speak 
of the ‘‘bow-wow,” the “mew^-mew,” the 
“quack-quack,” and so on. 

That sounds all very well, said the next 
great thinker. It is quite likely that dogs 
w'cre named bow-wows in the early days 
of the race of man. But were animal names 
the first words people would need? Nv), 
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certain other names — names for food, for well 
\varning, for love and other feelings — would ver 
probablj be needed long before men would daw 
think of Wp'anting names for the animals. wen 

And so this second guesser looked about ^ 
him and found that people are always ex- witl 
claiming over their feelings. If you hit your that 
finger you are apt to say ow, and if you are In 
suqirised you may probably say oh. So says 
certain exclamations such as these may well witl 
have been the first words, said the pooh- mar 
pooh theory. Men v;ould be needing suth ofte 
exclamations from the ver>’ 
earliest times. 

Yes, but you must 

remember that ow and Yg 

oh are not really w'ords 

at all, says anotherT?^ 1 

guesser. They are like the \ ^ 

dogs yelp of pain, which is ^ 

very different from Irnguage. y 

Language must tell semebody \ 
something. When the dog ^ 
yelps he docs it just to relieve ? 1 , 

his feebngs, and not to tell * A hei 

anybody anything. In the same way, man 
might say ow or oh before he ever really 
talked to anjone. No, said this third ralh( 
thoughtful guesser; let us decide that sjieech abou 
just grew of its own accord out of the need are 
for it. Man’s mind w.is like a l)ell; when.it spok 
was struck it rang, “ding-dong!” Words diffic 
were the ringing of the bell which was man’s whet 
mind. Pron 

This ding-dong gurss about Ian- 
guage sou ids very dt*ej and thought- i 

ful, but it docs not explain things 
very well. It just says that anguage 
began beiausc it began. It is not 
nearly so reasonable really as the \ 

fourth guess, which is about babies. . 

From the time a baby is 1 orn he uses his ^ 
lips in getting his food. He cannot use his J 
teeth because he has none. Vow if you will ^ 
make a noise by opening and shutting your 
lips, you will find you have made the sound 

m, or perhaps the syllable there on be no doubt that 
ma. The baby’s lips will water turkey’s heart ie 

easily say ut^omice* 

for him long before 

1-6 knows what it ^ 

means, and it may 


well be that this word mama, or something 
very like it, has been used from the very 
dawn of sjieech, borrow'ed from babies who 
were just exercising their lips. 

Now try opening and shutting yoyr lips 
w'ith a little explosion, and you will find 
that you have said something like p or b. 
In the same way that the baby naturally 
says ma-ma, he may sjiy pa- pa or ba-'ba 
without really meaning to. In a great 
many languages the words that babies use 
often begin with these lip sounds w, b, and p. 
The goo-goo guess at how people started 
talking says that it all began with 
Nlti babies, and that these natural 

jAll coos and gurgles are really the start- 
ing ]dace of s|wech. Mothers 
might learn from babies to call 
\ themselves mama, and father'- 

^ to call themselves ;>(;^(/;and the 

^ w hole of human lan- 
guage might have 
.started fn>m ihissimple 
brs.,..,„ M « beginning. 

A heated conversation. In the world to-dav 

"““'‘unde^und.'’*^*" roally 

great languages, or 
rather groups of languages, and we shall tell 
about those in a minute llewdes these there 
are several thousand dilTercmt languages 
sptrken in the world, but just how' many is 
flifficult to .say, because it is hard to tell just 
where one language ends and another begins. 
From one way of looking at it, the Imglish- 
man and the Kussian sjreak the same 
language; from another, Knglish and 
Russian are quite different. So the 
number of languages in the world 
all depends upon how you count 
them. Some scholars put the num- 
ber as high as .3,424. 

Some of these lan- 
guages are spoken by 

t that American Indians or 

a ^oup of native 


riioto bv Natliro Migi/mn 

A heated conversation, 
which both parties 
understand. 


rhoto by Amari Mumuf- of Natural Uutory 




All these animals express themselves freely and often, 
though not in words — and not always in sounds. Have 

in cold countries there are fewer difTerent 
languages than in warmer ones. For in- 
stance, all the Kskimo peoi)le, living over 
the vast region stretching all the way from 
Greenland to Alaska, si^ak in much the 
same way; but the Indian tribes living in the 
single state of Oregon speak over thirty 
different languages! 

A very interesting guess, or theory, has 
been built upon this fact. Scholars think 
that in the warmer places children might 
now and then stray off by themselves and 


you never seen two dogs put their heads together an 
mstant and then run off as if by mutual consent? 

live ii/ gi^Av up and have children of their 
own, thus starting a new tribe. If they 
were yt>ung enough when they strayed away, 
these chiltircn might not have learned much 
of their parents’ speech and might invent 
new words of their own, so that a new lan- 
guage would then be born. Of course this 
process w'ould be impossible in a cold 
climate, where stray children could not 
keep alive. 

The two greatest languages in the world 
to-day are really families or groups of Ian- 
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guagcs. One, the Chinese, is spoken by 
over 400 million people living in China. 
The other, the Aryan (ar'yan) or Indo- 
European, is spoken over practically all of 
Europe, North and South America, and 
Australia, and is used or understood by over 
700 millions of people. Over two hundred 
and fifty millions speak or understand the 
English language alone, and English is a 
dialect of the Indo-European, or Aryan, 
family of languages. Did you know that 
you yourself speak In- 
do-European? 

At some time, so long 

ago that no one nowa- L w JIl 
days has much idea t 

precisely when it was, p 

Indo-European, or ^ ^ 

Aiyan, was a single !| , i -iji, « ^ 

language spoken by a \ 
few thousands of men 
and women who lived 




in a single region - A..|.n«n ... H.s.or> I’alcstinian wife and 

, , , ” . How much of the baby’s language can you under- , r *1 r 

probably in the moun- stand? No one ever taught him what to do when has a tine family of 


they would be strong enough themselves 
to send out their own armies to other 
foreign lands for conquest and j^erhaps. 

settlement. 

Let us see what these changes would do 
to the Aryan language. We shall siij^poso 
that one army of Aryan-speaking people 
has pushed its way clear to Palestine. 
There it fights with the people who have 
already settled the land, and wins. Some 
of these Palestinian natives are killed; 

others are made slaves. 
l|Bgi|||||||||||B When the invading 

army decides to settle 

^‘31 mu J permanently, the sol- 

^ diers take many of the 

Hi native women as NM’ves. 

K dL ’'i^ht here lan- 

^ ^ (HhI Kuag'* changes will 

i 1 start. Here is an 

Aryan-sf)eaking sohlier 
who takes a native 

iiinii Mistors. I’alestinian wife and 


tainniKi Tndi'i h« wants his bottle Of when he ts thoroughly pleased, 

lainous pans ui liiuia. . -nvon# who fiver known a hahv will Ame 


diildren. He teaches 


Now there was nothing that he expresses himself on certain points just as his wile his own Ian- 
particularly different or •“<» command of tbree Unguages. guage, of course, hut he 


better in the words or the sounds of this 
Aryan longue, to make it worthy to .sweep 
the modern world. What was diilerent about 
Arj'an was that the people w^ho spoke it w^cre 
not exactly like their neighlx)rs. They were 
more intelligent; they could think and act 
more quickly. They were fond of travel loo, 
and rather liked fighting, particularly when 
they w'on, which often hafipened. 

How Words Travel and Change 

These original Aryan jieople - we don’t 
know what they called themselves, but we 
have given them the name of Aryans — 
sometimes sent out armies here and there 
on expeditions. Sometimes, no rloubt, these 
armies were wiped out, but often they 
conquered and returned home laden with 
rich spoil. Sometimes an Aryan army 
would like the country it conquered better 
than it liked its home country, and then 
it would decide not to go back but to stay 
in the new kingdom. Soldiers and captains 
would settle there and marry and have 
children, until nerhaps after a long time 


tmana or tnree languages. 

leaves it to her tf> teach the children. She 
does the best she can, l)ut sh(‘ finds some 
Aryan sounds difficult or *rmj)ossiblc to 
pronounce. Perha]>s she is not u.scd to the 
sound ///, and calL it s, as many Frenchmen 
learning English do lo-day. All the children 
learn 2, not //;. She makes some mistakes 
in Aryan grammar, too, since she has no 
chance to go to .school and learn everything 
correctly. The children make the same 
mistakes — poor things, how can they know 
the difference? 

Father Time Plays Strange Tricks 

And all the other native mothers arc apt 
to teach their children z for ///, and to 
make the same mistakes in grammar. And 
so there grows up a whole crop of children 
who think that z is good Aryan, and who 
teach it to their children. And as the 
population grows, and other neighboring 
tribes are conquered and enslaved, other 
changes come in. 

And after a thousand years or so, some- 
one from the original kingdom which sent 


4 
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out. the first army wanders through this new 
’vmgdom and finds that he cannot under- 
. stand its language at all. It isn’t so much 
the words themselves that have changed, 
but the way of saying them is so different 
■that they do not sound a bit the same. 
Neither do the people look like Aryans any 
more. Perhaps tlicy have dark eyes and 
black hair instead of blue eyes and light 
hair. They have even changed their racial 
name, and now called themselves Ilittitcs, 
or something like that. The traveler might 
pass from one end of their kingdom to the 
other and not recogni/c that these people 
ever had been Ar>’ans in speech or in looks. 

The Roots of the Language Tree 

Thousands of years later, wise men might 


Since the Aryan-speaking people were so 
active and so restless, many daughter 
tongues began to spring up in many lands. 
One, called Sanskrit, developed in India. 
The Aryan tongue went to Persia, to Greece, 
to Italy, even to far-away France a. d 
England. As they marched they fouglit 
aiul conquered many races, and the slow 
process of language change began and went 
on, until an Aryan-speaking man living in 
(ireece could not possibly have understood 
a man of Persia, although we can see now 
that the two languages are the same under- 
neath. 

And then the peojde using these daughter 

languages began to send out armies and 

settle far countries and marr>" and trade 

with each other and carry on the business 

compare Aryan to this Hittitc „„ took • photograph of *>0 languages arose 

speech and exclaim, “'I'hcy are the Tower of Babej, or made a which we might call grand- 
J , , drawing of it, but this is what one , , . r .v • • i 

the same! Ihc sounds are artist thinks it might have looked daughters of the original 

changed about, the grammar Aryan, and cousins to each 

has I;c(.wjin different, but un- tower was ever built, the story other. 

dcrncath they are the same. ^7the^ ^tions h^^^ German and French are two 

See how much alike are the understand as we do, and were a such languages. They are 
wonh ior one, tu'o, three, fourl f®e'‘to‘‘*ma”e“ourhow’‘ au‘thow cousins to each other. French 
And thev have other little languages came about. is a daughter of Latin, itself a 


common words alike — words for //c, 
she, him, they. If we put ih for z, 
here is a whole set of W'ords which 
are alike. These languages are 
ccrtJiinly related to each other!” 

And then these scholars, after 
careful study, might decide that 
Aryan was the parent lan- 
guage and this flit tile dialect 
the daughter speech. liehind 
these w’ords ‘‘parent” and 
“daughter” would lie 
hidden all the story 
we have been telling 
the story of war and 
conquest and the 
slow changing of a 
language. 





daughter of Aryan. German is the child of 
a speech which we call Primitive Germanic, 
which is also a child of Aryan. 
So these languages, like anc^ yet 
unlike, may be called cousins. 
Let us take a single word 
which shows the family like- 
nesses in these languages. 
Our word father is in Ger- 
man — a sister tongue of 
English - Vilter. In Latin 
this word w\as pater, and 
in French it is ^cre. 
In each of these words 
w’c find the sound r, 
and in all of them 
the lip sounds />, /, 
and V, w’hich 
would easily get 
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mixed or interchanged with each other. 

What a fascinating game it must have 
been to the scholars of about a century 
ago, to work out these language kinships! 
Before that time people had never bothered 
very much about how languages grew, 

but in the early ’ 

i 8 oo’s men began 

to study out the 

connections be- ^ 

tween the different 

Aryan languages, 

and they fouinl 

many interesting 

Jacob Grimm, ^ 

whose fair^’ tales ^=Qr 
you have probabh' 
read, was an ear- 
nest student of 
languages. lie 
worked out a 

chart or plan '^y ^ 

of the regular 

changes between . 

Greek or Latin ^ ^ 

and the German ® 

group of Ian- \V Tv , 

guages. For in- ^ 

included the fact 
that when a word 
had p in Latin — 

as in pes, the fl 

word for foot— in 

German and Kng- L_ 

lish this word ^ 

, , , . This IS the proper way to fora 

would have / — lt*a not it all hard to learn; a 
in fficv fn/it find that it goes much faster thi 
as in juSi, jool. alphabet that we aU leam t« 

Latin k — as in* 

cams (ka'nfs), the word for would 

be German and English h — ^as in hund^ 
hound. 

TThis table of Grimm’s is called Grifnm’s 
Law. It is not a law really, but just a pic- 
ture of how certain Aryan-speaking peoples 
have changed the way they pronounce 
words. 

Later on, other scholars added to our 
knowledge of the family relationships in the 
various Indri-fluropean languages, until now 
we have a very good idea of the likenes.ses 


This is the proper way to form the deaf and dumb alphabet. 
It’s not at all hard to learn; and once you know it, you will 
find that it goes much faster than the fumbling deaf and dumb 
alphabet that we all learn to make when we are young. 


between Persian, Greek, Russian, German, 
Spanish, Swedish, English, and all the other 
languages of the great Aryan family. . 

It was because the people who spoke the 
Ar>^an languages were active and restless 
that their s|>cech came to be used by so- 

great a part of the 
world. A language 
rCU ^ mirror of the 

\ ideas and activi- 

\ \ /v\ %\ l)eoplc 

mj pui^ it will be so 

nj, ^ ^ too. The j)eoi)le 

\A\ who s|)oke Aryan 

have extended 
HI 4 speech im- 

W* Xi^ men^ely from the 

India which was 

A l)robably ilb birth 

M And among 

all the Indo-Euro- 

^ pean languages 

K English is the one 

V \ j ^^hkh is now used 

X. greatest 

nundjer of people. 

_ , f^id you ever 

t \ inventing a 

language of your 

I V ow^n? Many rhil- 

m do try to 

make up some sc- 

■ - . .ll t ret language, and 

jj U1VU* some children 

the deaf and dumb alphabet. 

d once you know it, you will have even been 

\ the fumbling deaf and dumb i-nriwn in nn 

make when we are young. 

a language when 
none had been taught them. Otto Jcs[>erscn, 
the famous Danish scholar, tells about a pair 
of twin boys who were left to grow up to- 
gether without much care and compamon- 
ship, and who at the age of four had invented 
a whole language of their own in which they 
talked freely to each other. 

And grown-up men too have tried their 
hand at making languages. About three 
hundred years ago Sir Thomas Urquhart 
wrote a book with the formklablc title 
‘^Logc^andekteison/’ in which he told about 
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< Mt r ihI I s M inm < i rp** IMiot i 

In pidgin English these natives on Guadalcanal are try> 
ing to talk two marines out of their flashlights. Pidgin, 
in one form or another, is spoken by millions in the 
South Pacific. It is a very simple language a combi- 
nation of English words and sounds which the natives 
have picked up from traders and missionaries, plus bits 

a langUtij^c he had invented. But as the 
book did not Rixe the language itsdf, we 
do not know \cr\ much about it 

Many peo|)le nowadays think it \\ould 
be a good thing if everyone could learn 
to use the same language. Certainly it 
would keep nations from fighting so much 
with one another, because peoples talking 
alike arc not so likely to have misunder- 
standings. For that reason men in recent 
years have begun to dream of a unixtrsal 
language, a world-wide speech which should 
make all men brothers. 

Several men ha\e devised langua^vs in- 
tended for world use. The best -known of 
these languages is Esperanto (f-s'p^’-nu/trd, 
invented in 1H87 by -Dr. L. E. Zamenhof, a 
Polish Jew. Ido (e'do), a simidifieil Es- 
peranto, w'as invented by a group of lin- 
guists in 1Q07. Whether one of these, f»i 
any artificial language, will ever become 


of native dialect. One tribe begins the Lord’s Prayer 
like this- “fader bilong mifelo, yu stop long heven- 
01 1 santum nem bilong yu Kingdom bilong yu 1 
karo . . ' There arc many such trade dialects, all of 

them bom when members of a great trading nation try 
to make themselves understood by a simple people. 

reallv a universal language is a question. 

A’ ^resent English ‘-eems to have a better 
chain 1 to become the speech of the w’hole 
wwld English is .simpler and easier to 
learn than French or German or most of 
the other natural languages. It is spoken 
by twH> of the w’orld's greatest nations and 
is the native speech or the governmental 
language of over a quarter of the world’s 
inhabitants. In 1932 a group of English- 
men wwking under C. K. Ogden gavx us 
Basic English, a simplified form of English 
for use in trade, in scientific articles, in di- 
plomacy, and on the radio. It is clear and 
is a complete language — that is, anything 
can be expressed in it — ^and it contains only 
850 words plus some 50 words, like '^aulo- 
mobilc’' or “volt,** which are the same in all 
languages. It is as easy to use as the arti- 
ficial languages are, and may have a useful 
future. 
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Reading Unit 
No. 2 


THE RICHES OF THE ENGI.TSH TONGUE 

Note: For basic information For statistical and current facts, 

not found on this paf^e, consult consult the Richards Year Book 
the general Index, VoL 75. Index. 

Interesting Facts Explained 

The English of Shakespeare and The importance of Latin in the 
Kin^ Alfred, 10—9 growth of modern languages, 

The beginnings of the English 10 Ji-12 

language, 10— 10 The English language goes travel- 

The effect of Danish immigration ing, 10-15 

upon English, 10- 10 Words that have changed in 

How French became the official meaning, 10-14-15 

language of England. 10— 11 

Filings to Think About 

In what wiiys does modern Eng- How are frecjiiently used long 
lish differ from the English of words shortened? 

a thousand years ago? How many languages are used 

How does a language borrow when we speak Pmglish? 

words from other languages? 

Picture Hunt 

From what countries did the Ian- Wliat book has helped most^ in 

guages come that were the the making of modern English? 

basis of early English? 10— ii 10-13 

Related Material 

WTiat is Grimm’s Law? 13-284 14-329-36 

Why are languages such as E.spe- Where did the early settlers of 
ranto invented? 10- 6 England come from? 5 44, 

Name some famous Elizabethan 268-71 

writers, 6—57 How does the Irish language dif- 

Name some of the stories from for from the English? 6— i6r 

Chaucer’s “Canterbury Tales/’ 

Practical A pplications 

In what ways is Engli.sh superior How do we make new words? 
to other languages? 10 15 10 -13 

I^eisure^time A ctivities 

PROJECT NO. i: Draw a map PROJECT NO. 2: C'opy the 
to show how languages migrated first page of Genesis in the first 
to England, lo-ii Bible printed in England, 10-13 

Summary Statement 

A language is always growing English loses old words, borrows 

as long as people speak it. So others, and invents new ones. 
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THE HISTORY OF THE ENGLISH LANGUAGE 



IMlOlO l>% I>)lllll> <.«>ll<llOHII \ \ 

The English language was made by a nature-loving peo- region have always drawn the English poets and so have 
pie and is eiceedingly rich in words for woods and helped to shape the Enghsh tongue. Near here lived 
streams and other natural features. Beautiful spots like Wordsworth, Coleridge, Southey, and Matthew Arnold, 
this .nc Derwentwater in the famed English Lake And here, says the Venerable Bede, St. Herbert lived. 


The RICHES of the ENGLISH TONGUE 

Here Are a Few of the Strange Ways in Which Our 
Beautiful Language Has Come to Us from 
the Ends of the Earth 


F YOU could he carried back nearly 
four hundred years to the delightful 
time when Will Shakesix-are was a 
little boy in Stratford, and if you could 
hide behind a tree and listen to him talking 
to his mother, you might be surprised to 
find that it would be hard for you to under- 
stand what he said. Some words he would 
pronoiuue as many Irishmen say them to- 
<lay. He would say mate for meat and tay 
for tea. And there would be other differ- 
ences, too, which would be even more pu/.- 
zling. For our way of speaking F-nglish has 
changed very much since Shakespeare s 
time. 

And if you had trouble understanding 
Will Shakespeare, how much would you 
understand if the clock of history should 
turn back over a thousand years and you 
should find yourself sitting at meat with 
good King Alfred and his retainers in the 
'^rcat hall at Winchester? You could not 


join in the conversation at all. Except for 
a few little words— uW, hat, gold, met — the 
English that .\Ifred spoke would somid to 
you like a foreign language. 

Here arc some words that King Alfred 
nmst have spoken often: Feeder ure pu pe 
cart on heofonnm, si pin nama gehalgoi. 
This means ‘‘Our Father, who art in heaven, 
hallowed be thy name.” 

So you can see that the pronunciation of 
Enghsh wonls is always changing. And so 
are the words themselves. New words are 
being added to our language and old ones 
taken away; and the new and old ones arc 
always changing more or less in what they 
mean. They are falling sick and getting 
well, being born and dying, quarreling and 
making friends again, just like the people 
who sjicak them. Nothing is much more 
human than a word. 

The story of the English language begins 
with Uengist and Horsa, about fifteen hun- 
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dred years ago. In their long, swift boats, 
full of strong fighting men, these two warriors 
swooped down from the northwest of Ger« 
many upon England, or Britain, as she was 
called then. And with them in their long 
boats they brought something more precious 
than the gold arm rings they wore, more 
powerful than the hammered swords they 
carried. They brought 
the English language. 

Hengist and Ilorsa 
came to fight for the 
British king Vortigern, 
to help him against his 
enemies the Piets. But 
when those Germanic 
soldiers — “Angles" and 
“Saxons” and “Jutes,” 
they were called - saw 
what a good land Brit- 
ain w-as, and how' weak 
the Britons w^ere, they 
began to fight against 
Vortigern instead of for 
him, and to take the 
land for themselves. 

They succeeded so well 
that after a few cen- 
turies Britain was not 
“Britain” any more, 
but “England” — or 
“Angleland” — the land 
of the Angles. And 
England it has re- 
mained ever since. 

But that early Anglo- 
Saxon tongue that mi- 
grated to England on 
the lips of those bold 
conquerors was not at 
all like its great-great- 
grandchild which we 
speak to-day. It was 
even more different from it than the s|)ccch 
of King Alfred was. What has happened 
between the time of Ilengist and Horsa 
and our own day to make the English 
language change so much? Well, there are 
several very interesting answeis to that 
question. First of all, the German tribes 
were not the only people who conquered 
England. Those Angles and Saxons and 


Kenli.shmen were given a bit of their o.wn 
metlicine when, some three Imndred years 
later, the Danes began coming to England . 
to see what their swords could win. They 
liked England so much that thousands of 
them moved over to slay, bringing their • 
wives and children and taking or niaking 
farms for themselves, where they could live 
in families and be 
happy. 

The language the 
Danes spoke was not 
.so very different from 
English. They called 
their little boys sunry 
while the Englishmen 
called theirs sunu. By 
and by people w^ho kept 
hearing both stair and 
sunu got tJie twx) mixed. 
They did not know 
which was the right 
way to say the word. 
So they just used the 
wx)rd siatj w'hiih was 
like both. And \u)i, or 
softy the w'ord has re- 
mained to this day. 

In tlii^way th(‘ Dan- 
ish language changed 
hmglish. Tt helped to 
make our w'ords shorter 
and more sim])le. It 
gave us many of our 
little w’on Is -skiity skirl y 
laWy cdlly and many 
others. It even gave 
us our words ///cy, /Ae/r, 
and them. In English 
he was Ac, anrl they was 
hi. People were alway s 
getting he and hi mixed, 
but they could be quite 
clear about he and they. So the Danish they 
became an English word. 

How Words Get Worn Down 

Those Danes gave the English language 
a big push toward change, but English was 
changing anyway. Words were growing 
shorter, as words do when they are used a 
great deal. We see it happening in families 


n I toyim 

otipri* jiAXt iti nikc 

c yyn try oJniji 

man lut* oiwfn^ |Mt|t pfS^qpmlc- 

plmm pcepmycrl iKd^ri^^rn 

ymk lilt nylir ^rpeubr cvnittj} 

pt^ nvilfff jumr {«c|if NaN|>« 

oiirpam^qylcum onii^impi«|r 
jkftilpbmr {MkhiWmcyfiii^p.^ 
dfipuin li^ipenlic prephnif 

lfipii|io|iap eopUgnqiajinan -mK 


1 


I'hot I 1»v Brituh Ml nfuiii 

This is the way English looked eight hundred years 
ago. But in case you do not know your mother 
tongue quite well enough to read it, we will tell 
you that it is the thrUling account of how the 
English king Ethelred and Alfred his brother de- 
feated the Danes at the Battle of Ashdown in 871. 
This was the Alfred who was later to become one 
of England’s greatest kings, and this is the battle 
that took place in famous White Horse Vale, dear 
to the heart of everyone who reads “Tom Brown’s 
School Days.” The page shown here is taken 
from the Anglo-Saxon Chronicle, the first history 
of England in the English tongue, and was written 
by hand on vellum not long before the year 1100. 

It is now in the British Museum, in London. 
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whe’n they say Tom instead of Thomas, or 
Ben for Benjamin. The Old English, or 
‘^Anglo-Saxon,” words were rather long, and 
people in a hurry would not bother with 
the last parts of them. So hieran became 
• hear,* wudu became wood, and such a long 
town name as Eoforwic — “the boar’s town” 
— was clii)ped off by degrees until it turne<l 
out to be just York. So New York is really 
the “New Boar’s Town.” London too is a 
shortened word. At first 
it had a Latin name, 

Londinium. 

The Danes were not 
the only men who had a 
part in moulding our 
language. In io60 the 
Norman -or “North- 
man”- William the Con- 
cjucror came over from 
France to win England 
with his sword, and set- 
tle! duvMi to live there. 

Tie brought over hun- 
dreds of French lords and 
soldiers, with their 
butchers, bottlers — or 
“butlers" car])enters, 
and other craftsmen. We 
'<111 call all these work- 
men by their French 
names, for butcher and 
butler and carpenter are 
all French words —as are 
thousands of others that 
we use. 

The F rench conquerors 
did not care to speak the 
language of the conquered 
Englishmen. French became the language of 
the king in his palace, the lord in his castle, 
the judge, and the lawyer. Elnglishmen who 
wanted to fit into the new government had 
to learn to si>eak French, and they did. 
I"or almost three hundred years tl proud 
French speech fought the sturdy English 
tongue for the honor of being the language 
of all England. 

We Borrow Words from Every Land 

And both English and French won the 
battle! For we all speak both of these lan- 


guages to-day. When you call a calf a calf, 
you are speaking English. When you say 
the “butcher” sells “veal”— calf meat — you 
are using two French words, butcher and 
veal. For what the English did was just to 
add thousands of French words to their own 
thousands of English-Danish ones. They 
took a great deal of the French language into 
English, and made one speech out of the 
two. And that was the best way for die 
language fight to end! 

Since the time of Wil- 
liam the Conqueror no 
foreign nation has settled 
in England, and so no 
languages have mixed 
with ours in the way the 
Danish and French did. 
But English has gone 
right on changing jusc 
the same. It has gone on 
borrowing words from 
French and from many 
another language. And 
it has borrow'ed thousands 
of words from languages 
that are dead, as w'cll as 
from those that are still 
living. In this w'ay it has 
taken cn er a large part of 
the Latin tongue. 

In the years from the 
beginning of our calendar, 
at the birth of Christ, to 
the time of Shakesf^eare, 
Latin was the one lan- 
guage that everyone 
W'anted to add to his owm. 
Whether a man spoke 
German, English, French, or Spanish, if he 
learned another language it was certain to 
be Latin. Latin w^as the language of the 
church, which during most of those years 
w'as the st at of learning, much as our colleges 
and universities are to-day; and the learned 
books in all the countries w’cre Latin books. 
You had to learn Latin if you wanted to be 
educated and to talk and wTite to i)eople it 
other parts of the world. 

So words were taken over into every lan- 
guage, but csiKJcially into English, for the 
English people I have always had the habit 



Here is a map that win show you how various 
languages migrated to England to form the 
English tongue. Anglo-Saxon from Germany, 
Danish from Scandinavia, French from Nor- 
mandy, and Latin from ancient Rome, these 
were the elements that were fused into the 
language that is now spoken in every corner 
of the globe. 
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All the learning that has come down to us from the 
long ago we owe to painstaking monks, like the ones 
above, who toiled in heat and cold, in sickness and in 
health, copying the books in their monastenes. Some- 
times they grew sleepy and sometimes they grew 


bored and sometimes they did not understand what 
they were copying, so they made mistakes here and 
there. But if it were not for their labors we should 
not know what our language was like in its childhood, 
nor should we know so much about the past. 


of taking up whatever seemed good an<l 
useful In the years trom 1200 to 1700, 
thousands uix)n thousands of Latin words 
were welromed into English. About a third 
of the words in our dictionaries to-day are 
Latin words, though of course nearly all ol 
the very common little words, the ones we 
use over and over ever\' day, are and alwa>s 
have been English. We need Latin words 
to say complicated things with, but we talk 
mostly with English, Danish, and Eronch 
ones. 

How Many Languages Do You Speak? 

Perhaps it just came to be a habit of the 
English i^cople to take words from other 
languages into their own. Of course w^e 
should rather think it was the wisdom of 
the English, their quick wits and restless 
intelligence. But whatever the reason may 
be, Englishmen have gone all over the world 
collecting good and useful w'ords, and have 
brought those words back to live at home 
in England. There is no language, past or 
present, which has so great a wealth of 
words from all over the earth. 


"When you say caiuiv \ou are speaking 
\rabic, and w'hen >ou ask for turkev you 
are talking Persian When your mother 
makes a cake she may speak Hebrew in 
i tnmimon, Greek in butter^ Sanskrit m ginger^ 
French in flour, Italian in soda, ami good 
old English in milk aiul egg. Your Jace is 
French, but your twse is English. Your 
dollar is German, your penny English, and 
your dime Latin. Every time you talk, 
you are using words from all over the world. 

Besides the ihousanris of words which 
English picks up from the ends of the earth, 
many new words come pouring into it from 
still other sources And the ways in which 
new’ English words are made up are so in- 
teresting that you must hear about a few 
of them 

Where New Words Come From 

Once in a while a word is made by some 
man who just takes sounds and makes them 
into the pattern of a word. Such a word is 
kodakj which was made up in America not 
so v(iry many years ago. Another is gas^ 
which a Dutch scientist invented, although 
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• lie did have a Greek word in mind as a words is to make the old ones over— by put- 
model. It is very seldom that a new word ling them together or taking them apart or 
gets made out of whole cloth, like kodak, changing their meanings. 


Many words just When the locomotive was in- 

ccho noises. See how trSnsTatlon ^of the *New 'Testament vented i)eople wante<l a word for 

.many you can think Pentateuch (^n^-tuk) the new kind of road on which they 

r ^ , the first five books of the Old Testa- . , , - , 

ol like pop, dang, ment. Tyndale worked from the were going to Sl>ccd from plac , to 

mew, moo, buzz, purr, Greek and Roman texts, but place. So they put two words to- 

whiz. Such words Vulgate of St. Jerome, finished a little get her and called the new thing a 

arc being made up Kinr^Jam^^ or load of rails. So.ne- 

all the time, and there Version (i6ii), now used in most of our times it is also called a railway 

are hun<lr( ds of i?’ha8*helped”o**inak^*the’E^ The word uj>/»/aHc is two words 

them in hmglish. language what it is today. put together. It means a “plane,” 

Many words are ^ or flat thing, which can travel 

named after people. through the “air.” Many people 

If you speak of nowaflays have taken this 
m, you are using the again simply 

New which 

York State, And when 

wore them needed, very often 

liimdred years ago. nothing at all is done but to find 

If v^c ti and give the 

are using the new meaning in addition to its old 

name of an imagi- one. In this way film, which is 

nary Dutch gentle- used tomean a thin coating or layer, 

man. For Washing- 'vas taken for the 

ton Irving, when he ^ camera, 

wrote a comic his- jUlSI which hasa thincoat- 

tory of the city of ing of chemical on 

New York, pre- be- 

tended tlial it had I SSfuit* came a name for the 

been written by »)ne |Hpi«|Miiii|P whole scries of mov- 

Dicdrich Knicker- C^f wwS* ing pictures thathave 

bocker— and so tlie ^1 been taken with a 

ample trousers that those staid old camera. And now 

Dutchmen wore came to be called this new' meaning has 

by the name of the supposed author. nearly swallowed up 

Did you know' that canary really Stf6g5S^’i:^«o®briiTbc» flight frvm the old one, for if you 

means dog bird/ When a name was JS;SS3S?6^<cbJj!lfdHtSw your friend you 

given to the Canary Islands, the\' have been to see a 

were callcrl Canary from a Latin film, he will never 

word cams, meaning dog, I his was Qet your Bible and turn to the first dream ot an> thing 

because of the large dogs there, chapter of Genesis. Y«u will find that e.\cept a moving pic- 

, , , 1 1 j n I - this page of English from the year 

Ihese islands also held Hocks o 1535 is not so hard to read after ture. 

lovely little yellow birds, and the U'eXm" toe 'tet 

birds were given the <log name, ca- printed English Bible, now in the track down a single 
nary, because that was the name of StK,“ wmiam“&ale «d 

the islands where they lived. Miles Coyerdaie, and was the fiiat of its wanderings. 

These arc a few of the ways in McrG?eek!to”hilh toe >ou might take the 

which new word arc born into Eng- Bible was written. simple word “post.” 

lish. But the commonest way to get new At first a ijost was just a log stuck in the 


Below you see Tyndale at work on his 
translation of the New Testament 
(1525) and the Pentateuch (pin'ti-tuk) 
the first five books of the Old Testa- 
ment. Tyndale worked from the 
original Greek and Roman texts, but 
consulted Latin versions, such as the 
Vulgate of St. Jerome, finished a little 
before 400 A.D. Tyndale's work was 
the foundation of the King James 
Version (1611), now used in most of our 
churches. More than any other book 
it has helped to make the English 
language what it is today. 


CfKfrft Chapter, 

£.0 


’SUSS 


f /Mi crrMsebea 
fill owtMfriK 
L 11 

Mil waavofec 

aneaupne, 

X" 'X I aiffr ear<f ' 

iC/y neiiwuv' 

Oil 

(rtCmUK iiBy tr cf 

viz tbewaftr. 

; 2lifb<ffatfllybc:lrtrbcrrbrligbe,ttb«fa 
»Mli(l|a.2(fie(Boer«we the babe tbar« 
ttoe ^ligbcfram 

the earcfiN9,arte called rbc light, i^tr'^ane 
|i^e«r<fnca.ttcsrbv Cbm af tin cotirptjft 
waaMistc lk}lbayra 


birds were given the <log name, ca- 
nary, because that was the name of 
the islands where they lived. 
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ground where it could not move. Since 
it could not move it was often used to 
show where one man’s land ended and an- 
other’s began; so it came to mean a 
boundary. Then there came to be all sorts 
of different posts—gateposts, doorposts, 
and even whipping posts. In days when 
prisoners used to be whipped, 
they w'ere first tied to a post; 
so to be “condemned to the 
post” was to be con- 
demned to a whip- 
ping. In old times a 
tavern keeper used to 
chalk up the names of '' 

peojfie who owed 
him money on his 
doorj>ost. Nowa- 
days we put their 
names in bcK)ks, 
but the bookkeeix^r 
still posts his ac- 
counts in his ledger. 

Since a post 
could not move, any fixed iw Amcm^n 




on posts to be read — they posted advertise- 
ments and news of all sorts. So when they 
started newspapers they often calljL‘d them. 
Posts- “the Morning Post, or the IVashington 
Post, And a slick in the ground has turned 
into a newspaper! * • 

And still these are only a few of th6 things 
that post has come to mean. 
How many more can you think 
of? Look them u[) in 
a big dictionary. But 
mind what you arc do- 
ing! For this kind of 
V ^ post has got all mixed 

i ^ uj) with another kind 

' <. which comes from 

the Latin w'ord post 
and means “after”, 
so w'hen we speak 
of postponing a let- 
ter w'e are using the 
other word. W(‘ 
may want to write 
a postsiript, or “af 
..I Nu.umi ler-writinK,” lo the letter 
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point came to be called a h,,, Columbus’s tbres little bests 

post; SO W’C say that a ])0- that found a new world. After them came it along. 

licemanisathis^/onthe If you heard someone 

corner. And since a post colonists and supplies and took back all call your Jittle sister a 

had now come to mean a they carried, few were more important base, puny brat, you 

place, it soon meant a po- than toe noble English tongue, which took would probably be pretty 

^ • li '‘P tattle room in toe hold but which is i . * 

Sltion or job — a post in tne nevertheless one of our most priceless angry. let four hundred 

War Office or the cabinet. {J'g.VuSrof toMur^tt7esfect“ 

Now when peoj^e began good, healthy English 


traveling, they had to change horses every 
50 often. Wherever they had to change, 
there was a post for tying the horses. So 
traveling from post lo post came to be callefl 
posting; and what had first meant “stuck 
in one spot” came to mean “going from one 
spot to another.” People posted pretty 
fast, and soon posting meant traveling in 
the fastest way you could. From staying 
in one place the word came to mean si)eed- 
ing to any other place — or going posthaste. 
Then when people sent things from place to 
place they sent them by post — and a host 
of words like post office and postman and 
postage stamp followed. Now we can post a 
letter in an airplane. 

But a post can still be a thing stuck in the 
ground. Now in old days people put notices 


our most priceless angry. Yet four hundred 

[rMt*it7itt7esfect“ 

good, healthy English 
words, and no one would have minded them. 
A brat wxis just a child , base meant ‘‘humble,” 
and puny meant “little” (»r “younger ” 'Fo- 
day base, puny, and bnil all have a bitter 
meaning. They have grown siik. 'I'hey are 
not pleasant words any longer. 

How Words FaU lU 

Many other English words have grown 
sick in the same way. An imp used to be 
just a child; now it means a mischievous 
child. A knave used to be just a boy, but 
now a knave is a wicked person. 

If some English words have fallen ill, 
many others have got well. In Sbakes{)eare’s 
tin;e baby meant doU or puppet, and in one 
of Shakespeare’s plays, the great Macbeth 
calls himself “the baby of a girl” — meaning 
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As soon as these first English settlers landed at James- 
town the language they spoke began to take on a new 

a little girl’s rloll. Nowadays baby is a jiretty 
word. To-day you can be fond of someone 
without being ashamed of it, liut long 
ago fond meant “weak” and “sdl\ ” So 
fond is another English word w'hich has gut 
well. 

Our Mother Tongue Goes Traveling 

About the year 1500, in England and othci 
countries as well iieople Ircgan to take a 
great interest in exploring far-away kinds. 
The Italian Columbus had just di.stovered 
land in America, an<l the Englishman Cabot 
had followed him. During the 1500’s many 
English explorers were busy, and as you 
know, the explorers were followed 1 col- 
onists who went to live in the new countries 
or to seek adventure there. These English 
colonists, like Hengist and Horsa so many 
centuries before, carried with them the 
English language. English sailed to the 


color. They learned many new words from the In- 
dians — and we still use those words to-day. 

colonies of North .\merica, of India, Aus- 
tralia, New Zealand -in fact, everywhere 
that Englishmen went. And so gradually 
Eng’ h has come to Ire used by more ireople 
than .■.IV other language in the world e.\cept 
the Cmncsc. Oxer three hundred million 
peonle now use or understand English, and 
millions are learning it every year. 

It is a good thing that English is such a 
beautitul and useful language, since it has 
been llung so far ox’cr the face of the earth. 
If it were not strong and capable it xvouhl 
not dcscrx’c such an honor. But luckily it is 
i.isy to learn, rich in words, and interesting. 
And there 's no language spoken to-day in 
which such oeautiful poetr>' has been xvritten. 
We can be very glad of our good fortune in 
having English for our mother tongue. And 
we can show our appreciation of our fine 
and strong language by treating it politelj 
and using it with care. 
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Reading Unit 
No. 3 


STORIES FROM THE DICTIONARY 

Note: For basic information For statistical and current factSy 

not found on this pagCy consult consult the Richards Year Book 
the general Index, VoL 15. Indew 

Interesting Facts Explained 


How dictionaries tell the story of 
words, 10-17-18 

How the meaning; of the word 
“fellow" has changed through 
the ages, 10-18-19 
How different words come from 
the same root, 10-20 


Words that have interesting sto- 
ries, 10-20-21 

Making words fit their meanings, 
10-22-23 

Lazy words, 10-23-24 
How we come to have slang, 10— 
24-25 


Things to Think About 


Why do people tend to shorten 
words? 

How many kinds of slang do we 


use? 

How should we use slang in our 
conversation? 


Picture Hunt 

Xamc some of the great diction- to make Knglish what it is to- 

ary makers, 10-22, 24-25 day, 10-18-19, 21 

Name imjxirtant men who helped 

Related IKIaterial 

Why was Esperanto invented? sent by mail in England? 10- 


Why was Dr. Johnson’s diction- 
ary important? 13-195 
What w'as the “Age of Prose and 
Reason”? 6—75 

When were private letters first 


sent by mail in England? 10- 
80-87 

'\re any of the words that the 
early (\ilonial settlers bor- 
rowed from the Indians still in 
our language? 10-15 


Practical A pplicati€>ns 

How do we decide what is correct How do we make new words? 
in spelling and pronunciation? 10-20-21 

10-22-25 

Summary Statement 

We cannot tell what many that they must change in mean- 
English words will mean in a ing if they are to remain alive, 
hundred years^ time. We know 
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endings in queer corners of knowledge, but if he has 
any imagination at all, what thnlUng pictures of history, 
what a pageant of the singing, talking folk of all the 
ages, must move before the eyes of his nund I Perhaps 
we should do better to envy him. 

STORIES from the DICTIONARY 

Tales of How the Little Words We Toss from Mouth to Mouth 
Have Had Their Ups and Downs and Have Often Come to 
Mean Something Quite Different from What They 

Meant at First 


The name of this picture is “The Old Lexicographer.’^ 
Now a lexicographer afik'sl-kbg'rA-ffir) is a maker of 
i dictionary; and no one knows half so many stones 
of words as he does. People may call him an “old 
dry-as-dust,” grubbing away at roots and stems and 


ID you know that one of the most 
fascinating stor} books in the world 
is -the dictionary? And no wonder 
it should lie so when you come to think 
about it — for each one of its many hundreds 
of thousands of words has a story of its owm 
and has passed through many more adven- 
tures than you or I have time for in our 
short lives. 

Just because there are so many of these 
stories, they have to be written very briefly 
indeed, usually only by a series of signs that 
mean no more to us than Egyptian hiero- 
glyphics, until we know how to read them. 
And it is only in the bigger dictionaries that 


there 1*^ room for even that much of a story. 
But jubt to give \ou an idea of how interest- 
ing woid stories are, we are going to translate 
a few of them here for samples. 

Take, for instance, the word “villain.” If 
you look in a dictionary you will find its 
story sumived up something like this: <F. 
vilain, serf, <LL. villanus, <L. villa. If 
we translate this exactly we get: the word 
“villain” came into English from the French 
language, where it w'as spelled “vilain” and 
meant a serf, or person bound by law to 
stay on one farm and till it; “vilain” came 
into French from a late form of Latin, where 
it was spelled “villanus”; and “villanus” 
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came into Late Latin from regular Latin by 
being formed from the word “villa,” which 
means a large farm. Now this is all very 
well, but the dictionary clearly says that 
“villain” means “farmhand” and not a free 
farmhand either; and what 
is there so villainous about 
a farmhand? Well, that is 
the story behind the story. 

Back in the tenth, elev- 
enth, and twelfth centuries, 
when English was indus- 
triously borrowing scores 
and hundreds of words from 
the French — “villain” 
among them-- England was 
fast borrowing its ways of 
living, too, from the 
Prench-speaking Normans 
who had conquered the 
country in 1066. It bor- 
rowed the w'hole feudal 
system, which meant that 
a jwrson who worked on a 
farm really became a serf, 
or “\ilain”; so what more 
natural than that he should 
be called by the French 
name? It did not at first 
mean that he was particu- 
larly wicked. 
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words that have changed as much and teR 
us as much of the past. ‘‘Knave/' ‘‘brat/' 
“silly," “churl," “cunning," “sly," aiid 
“crafty," are a few of them. But let us 
take “fellow" for another example; ^t has 
changed oftener than “vih 
1^ lain" has, for once it was 
good, then it was bad, and 
now it is indifferent. 

In the Old English spoken 
a thousand years ago or 
more, “fellow” was made 
up of two words — “fco," 
property, and “laga," one 
who lays. That docs not 
seem to make much sense, 
does it? Hut what it meant 
was a “partner," one who 
lays down his property be- 
side yours for both to share 
suicly a charming way to 
say “partner”! So clearly 
“fellow" was an honorabh* 
word in Old English. 

While it w’ds still an 
honorable wwd, “fellow" 
was put with olhi‘r w'ords to 
make such honorable com- 
pounds as “fellowship" and 
* “playfellow\" These words, 
of course, we still use, and 


But it did mean that he »■■■ never listen a cam. 

had no chance to be more did more than he to make i)aign orator without hear- 

1 . ^ , English what it IS to-day. For he wrote at . _ ..4 

than an ignorant, rough ^ time when there were many dialects of much about icllow 

fellow, who had very prob- fnghsh and when no one was very sure citi/ciis” and “fellow 
ably never been taught any liked what he wrote so well —especially Americans and perhaps 
motals and certainly had 

almost no way of getting ‘ fellow Democrats, or fel- 


way ot getting 
what he wanted except to steal it. So 
after all, it was small wonder that as time 
went on people began to think of a “vilain" 
as a rather wicked person. And after a long 
while the word took on its present meaning. 
Now if we want to use it in its old meaning, 
to describe a serf in the old times, we often 
use an old spelling — “villein" — to show what 
we mean. 

Words That Have Changed Their Meaning 

So you might say that the whole history 
of English farmhands was bound up in that 
little word “villain." There are many other 


low Socialists." Hut we rarely use the word 
“fellow" alone to mean “companion" or 
“partner." 

For the word long ago fell from its high 
estate. Indeed, it came to mean “companion 
in idleness" or “partner in low company," 
and it continued to mean that sort of thing 
until about a century ago. It was a great 
insult to call anybody a fellow — almost as 
great as to call him a villain. And there 
was even a saying, “Worth makes the man, 
ana want of it the fellow." 

But for some reason the word has now 
climbed up a litdc in the world once more. 
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Man> a word we use to-day calls up the memory of 
Shakespeare and of the great men of his day, some 
of whom are pictured here. Every great writer helps 
decide the history of the language, for people keep on 
reading him and that keeps his words alive. Even so, 

Sometimes it is just an indiflcrent, informal 
word for person — ’‘What sort of fellow is 
he?” Sometimes we speak of an idle fellow 
or a worthless fellow, but we are just as 
likely to speak of a good fellow or a jolly 
fellow. In these last the word holds just a 
shade of its oldest meaning, for we think of 
a “good fellow” as a good companion. 

The Many Meanings of “Nice” 

Sometimes words change their meanings 
in sjnte of us, no matter how hard we try to 
stop them. “Nice” is a good example of this 
sort of word. Recently it has been changing 
its meaning again, and many of us have tric<l 
to stop it without realizing that it has played 
the same sort of trick many times before. 

When we first meet “nice” it is tlie Latin 
word “nescius,” meaning “ignorant” ■ “un- 
knowing.” From Latin the word became 
French, and from French, English. When 
it first appears in England it is with the 
meaning “foolish,” much as in Latin. 

Then Englishmen began to speak of a 
“nice” person, nieaning one who was fool- 
ishly particular about little things, hrom 


we sometimes nin across words in Shakespeare that 
are no longer in use or that now mean something else; 
and as for earlier writers, we often have trouble un- 
derstan^ng them without a glossary, or list of unfa- 
miliar words with their modern meanings. 

that meaning the notion of foolishness 
dropiwd off, and anyone who paid attention 
to details might be called “nice.” And 
people began to speak of “a nice distinction” 
or a “nice adjustment,” meaning a distinction 
or adjustment that was very small, delicate, 
and exact. This meaning the word still 
hokh-. 

Rut while holding this meaning, the word 
sl}'1y began to take on another one, too. It 
began to mean “excellent” or “agreeable,” 
as it tloes nowadax-s in ordfnary talk — 
whether that is because on the whole we 
like people and things that are exact and 
careful about details, who shall say? At all 
events, this was the change so many people 
(ritd to stop, because they did not know or 
did not remember that “nice” had had so 
many meanings already that it was foolish 
to say only one was correct. 

Where “Canvas” Came From 

Indeed, words are always developing new 
meanings without giving up the old ones. 
Sometimes this habit of theirs leads to the 
most astonishing results. Take the two 
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words “canvas/' a cloth, and “canvass,” a 
going about among people to collect money 
or votes or information. These two are really 
the same word, and go back to the Latin 
“cannabis,” the name of the hemp plant. 
Imagine the painted canvas of a great artist 
and the visits of a community-chest worker 
both meaning hemp! 

When Hemp Became Cloth 

It is not hard to see how the name for 
hemp would come in time to be the name 
for the cloth made out of hemp, for exactly 
the same thing has happened with cotton 
and wool. So when the word passed into 
French and English it already meant a kind 
of cloth. 

Now in old times people had a way of 
examining certain things by placing them on 
a canvas sheet and tossing or shaking them 
together; and from the name of the sheet 
this process got to be called canvassing. So 
what more natural than that the word should 
later come to mean any sort of examination 
or investigation? One may canvass the 
opinions of one's neighbors, that is, one may 
find out what they think about this or that. 
Later still, when people went about asking 
for gifts for an ori)hans' home or selling 
tickets for a policemen's ball, they said they 
were canvassing. 

Many Words from One Root 

Whole crops of words will be built out of 
a syllable or two of Latin. There are the 
words from “sen-,” a root meaning “old.” 
Most of them are words showing reverence, 
for old people have experience and power and 
ought to have learned wisdom. Since the 
Romans thought that an old man w'as the 
best counselor, they called the reverend 
assembly that ruled them the “senate.” We 
have taken this word over bodily, and call 
the more dignified of our law-making assem- 
blies a “Senate,” too. 

We have also taken over bodily the Latin 
word “senior,” which means “older.” Mr. 
Jones, Senior, is the father of Mr. Jones, 
Junior. Mr. Brown is the senior, or elder, 
partner in the firm of Brown and Smith. A 
senior in college is a member of the class that 
has been there longest. Seniority rights in 


the United States Congress mean the* rights 
to place on committees, to be decided by^the 
number of years a congressman has served. 

The same Latin word for “old”’ gave the 
French their word “sire,” literally an old 
man but in practice a title of rank. The 
word came over into English, and finally was, 
clipped to “sir,” sometimes a title of rank 
and sometimes just a term of respect -r-as 
when we say “Yes, sir,” or “No, sir,” to men 
older than we. In moflcrn lYench the word 
“sire” has turned into “monsieur,” which we 
translate “mister,” but which literally means 
“my old man”! 

Besides all these respectful words from 
Latin “old” there are a few less resp)ectful 
ones. There is “senile,” from Latin “senilis,” 
which means foolish from extreme old age. 
Then there is “sirrah,” which we often run 
across in Shakespeare and other older writers; 
it means almost the opposite of “sir,” and 
w’as used in speaking to someone for whom 
one has no resj>ect at all. 

Words That Have a Story 

Sometimes it is easv to see that there must 
be a story in a word because the word was 
originally somebofly’s name. This may have 
happened so recently that joiany people re- 
member it —as when we speak of “macadam- 
izing” a road, naming the process after 
McAdam, the inventor of it. Oftener it 
hapi)ened so long ago that w^e are surprised 
to find out about it - as in “dunce,” “hector,” 
“lynch,” “kaiser,” “vandal,” “assassin,” 
“canary,” “romance,” “sandwich,” “panic,” 
and “guy.” We shall have to let you look 
most of these up for yourself, but here is 
the story of “guy.” 

This word “guy” is named after Guy 
Fawkes, an F.nglishman w^ho conspired 
against the British government and was 
executed for treason in 1606. Now that is a 
.surprising sort of person to have had his 
first name made into a common word. What 
happened was that English children got into 
the habit of celebrating every November 5 — 
the day on which the conspirators had 
planned to blow up the parliament — by 
burning stuffed figures supposed to repre- 
sent Guy Fawkes. Not unnaturally they 
called these figures “Guys.” Soon any queer- 
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Words have not changed their meaning nearlv so fast 
since th«* u \ ^lon of printing. You can see how that 
would be— there the thing is, in black and white for 
all to read, and people always have more respect for 
things they see *4n print” than for things they merely 

looking person came to be tailed a ‘‘guy” 
after the queer-looking iigurcs, and the ex- 
pression “guy a person” grew up, meaning 
to make fun of him or play tricks on him. 

In the L Tilled Stales, which docs not re- 
member (iin I awkes so well as do the British 
lands, the word is not nearh so uneompli- 
mentarv, and usualh means jusi a ptisia , \ 
fellow, rather than a queer lofikmg eroaluu 
Besides, the word is slang in \meriea, while 
in England it is not slang at .ill 

The Queer Story of “Bedlam” 

Some woids are named after places. One 
of the most surprising of these is the word 
“bedlam,” which w^e use to mean any place 
that is full of noise and contusion. “This 
room is a perfect bedlam,” wc sa> reprov- 
ingly when we cannot think for the noise. 
But did you know that this word is the s*..ne 
as Bethlehem, the name of the town in 
Palestine where Christ was born? How 
could such a quiet word as Bethlehem take 
on such a noisy meaning? 

Here is the story. In Palestine in the year 
1200 there was a priory, or religious house, 
which was called the house of St. Mary of 


hear. So though Wilham Caxton was not one of our 
greatest wnters, like Chaucer or Shakespeare, he had 
just as much to do with deciding what words we should 
speak, for he mtroduced printing mto England. Here 
he 18 with his assistants working at his press. 

Bethlehem. A branch of this house was 
founded m London in 1247, and when Eng- 
land turned Protestant it became the prop- 
erty of the city of London (1547). The 
monks of this house had made it their special 
dul> to care for insane people, and the city 
took o^cr this dutv along with the priory. 
So the Bethlehem priory in London was 
really ai nsane as\lum 

Clipping “Tongue Twisters” 

Now of course insane people are often 
noisy, and the\ used to be much noisier in 
those da>s, when no one knew how to care 
for them properly. Often they were treated 
\er> cruell>. So it came about that the 
noise and confusion in this insane asylum 
were so gieat that people began to mention 
it if they w^ep* talking about a noisy place. 
“It is as bad as the Bethlehem as>lum,” they 
would say Little by little “Bethlehem” got 
shortened to “bedlam” — try it yourself and 
see how hard it is to say “Bethlehem” several 
times fast — and as “bedlam” it has become 
a part of our language. 

This business of cutting words down some- 
times makes queer sense. Take a pair of 
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very modern words, for instance— “autobus’' 
and “taxicab.” As a matter of fact, we 
usually cut these still more in our laziness, 
saying merely “bus” and either “taxi” or 
“cab.” But even the longer forms are very 
much clipped— the words should really be 
“automobileonmibus” and “taximctercab- 
riolet.” There are two fat mouth- 
fuls for you! 

The word “automobile” was 
deliberately put together not 
very long ago from the 
Greek word “autos,” or 
“self,” and the Latin / 
word ‘‘mobile,” or / 

‘•moving”; thus the t 
whole word very natu- 
rally means “a thing that ^ 
moves itself.” “Omni- I 
bus” is a form of the I 
Latin word “omnis,” or 
“all,” and means “for 
everybo<ly”; an omnibus or 
bus, therefore, is a convey 
ance for everybody who can 
pile in. Now, put the two to _ 

gether, and you have “auto- 




older than these we have been speaking of 
just now — is that they have dropped off or ' 
put on an “n” at the beginning. “Apron” '^nd 
“napkin,” for instance, are really the same 
word, which comes from French “naperon.” 
Even nearer to “naperon” is modern Eng- 
lish “napery,” which means “table linen.” 

Now a napkin is a little piece of 
linen, just as it should be^ for 
nap” means “linen,” and 
“kin” moans little, as it 
does in “lambkin.” But 
how about “apron”? Tt 
w^ould be almost exactly 
like “naperon” if it had 
an “n” before it but, 
you will say, it has no 
“n.” True enough, but 
it had an “n” once; and 
as a matter of fact, it 
very often still has one, 
only it lets the article 
'a,” which comes before it, 
carry its “n” around for it. To 
l)eak jdainly, peoj^le used to 
say “a napron,” but then they 
‘"^0 thc hShit of saying “an 


ect in speech 
taken as law. 


iMiotobv National (.Hllfry l.on.lon 

bus”; it means a self-running Perhaps me most famous of all apron” instead. Exactly the 

conveyance for everybo<J)’, but ^'5S;!SI^‘*VijSu8hed “in^*“ss! ha])prncd in the 

w^hat it says is “self” plus an Here is the famous Dr. Johnson phrase “an adder,” w^hich used 

ending which might possibly be wM*wreeet'S*siSMh wsTolfg ^ nadder”; and in “an 
translated “for” — as if a motor taken as law. orange,” w’hich should by rights 

bus were something one ran for oneself alone! be “a norange.” Will someone pass the 
As for the second of our “tongue twisters,” noranges, please? 
the first half of it comes from a word mean- So some words appropriated the “n” which 
ing “tax measurer,” that is, a machine for really belonged to thc article. “Newt” used 

measuring how' much fare one should pay. to be “cwt,” but jK‘oplc jjerversely insisted 

The second half, “cabriolet,” used to mean on saydng “a newt” when they should by 
a one-horse covered carriage with only two rights have said “an cwt.” 
wheels, and before that it may be traced ^ 

back to an Italian word meaning ‘Meap” or Fitting Words to Their Meanings 


“caper,” which itself comes from the Latin 
word meaning a “goat” — ^presumably because 
a goat capers about so lightly. So “taxicab” 
means a “tax leap” — or shall we say a “fare 
caper”? Not such a bad name, after all, 
when we think of how the fare leaps higher 
and higher as we travel on! 

This is barely a beginning in thc list of 
the funny things people do to words as they 
say them over and over. One odd thing that 
ha^ happened to several words — all much 


Another strange thing people do with 
words is to change them to sound more like 
other words of which people are reminded: 
as if one had a friend named Horace and in- 
sisted on calling him Horsish because he had 
a new horse. There is the word “belfry,” 
for example. In the beginning it had noth- 
ing at all to do with bells, and meant rather 
a shelter shed or a little tower; and it was 
spelled “berfry,” after French “berfrei,” from 
which it comes. But when the towers came 
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riioto by A S Bur! ank 

Here are the Pilgnm Fathers on board the “May- 
flower,” sighting the shores of the New World. And 
what has that to do with stones from the dictionary^ 
A very great deal, for that event and others hke it 
filled volumes with dictionary stones. It meant a new 
crop of Enghsh words and meamngs developed to fit 
a diflerent life. It meant great shifts in the ways of 
pronouncing words in a whole branch of Enghsh speech* 

to be plticcs for bells to be hung, people 
quietly changed the word to belfry because 
it reminded them of bells. 

Many other words have been changed in 
this way. A primrose was at first a “prim- 
role, but because both primroles and roses 
were flowers, and “role” looks a little like 
“rose,” we now say “primrose.” There was 
originally no “fish” in “era} fish”; the word 
comes from Old French “crevis.” “Vis” 
really docs not look a great deal like “fish”; 
but crayfish are water creatures, and so be- 
fore long fishhood was thrust upon thc» » 
There is a long name for this prcKCSs, it is 
called “folk etymology,” and is used to de- 
scribe new histories made up for words bv 
people who do not know the real histories 
It is an amusing and often very sensible sort 
of process. 

Words That Become Lazy 

Some words are lazy. Or rather, they 
have telltale stories which show how lazy 


For whenever a group of people wanders away from 
the others who speak its language, it soon finds itself 
speaking differently. That is why “BnUsh English” 
and “Amencan English” are rather different to-day, 
although, because we visit each other so often and 
because we read the same books, we can still under- 
stand each other easily enough. In olden days America 
would doubtless have developed a new language. 

most peo]>le like to be. These words began 
by meanni.' “now” and then gradually 
changed to .ncan “pretty soon,” “sometime,” 
“after a while ” 

Why Words for “Now” Wear Out 

The present is now, is it not, and so 
“presen tlj” should mean at this very mo- 
ment? if jou saj, “I’ll come to that 

presenth,” }ou mean not now but in a little 
while 1 his woid used to mean what it says, 
but it has grown indolent with its years. So 
has “dirertl}.” \ schoolmaster in some old 
story will tell a pupil to “start directly,” 
meaning “instantly”; to-day “start directly” 
might mean after a few moments have passed. 

Of course when one “now” word turns 
shiftless or la/y, people have to find another 
one — for some things must be done on time! 
So words arc always being taken into the 
language to mean “now” and then changing 
to mean “pretty soon” — for that is the kind 
of procrastinating creatures human beings 
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are. The old word ‘^anon/’ which we run 
across so often in Shakespeare or the Bible, 
used to mean “instantly” but later got to 
meaning “soon”; then we did not need it 
any more, having so many “soon” words, 
and it has fallen into disuse. Even “by and 
by” used long ago to mean “at once.” 

A great many of us are 
never lazier than when 
we are talking 
Whenever we like a 
thing we say it is 
“nice” or “grand,” ^ 
and whenever we / 
do not like it w’e f 
say it is “awful.” | 

As if “grand” could \ 
describe anything ^ 
from a gorgeous 
sunset to a new 
candy bar! As if 
everything from a war 
to an unbecoming hat 
were “awful”— that is, phot«byOA(\ 
w'orthy of being spoken wcrrmia c<i. 

of w'ith fear and awe! 
fsing so few of the words Webster, 
in our language when 
there are so many to use lexicographers, 
is rather like wearing al- 

ways the same dress as it was published 

, 1 , , in i8a8. Of course. 

W'hen one has a wnolc been edited many 

closetful of fine new^ ones times since, 
locked up at home, all ready to be worn. 

Sometimes rul)ber-stamp expressions like 
these become very popular for a time, only 
to be forgotten in favor of the next set of 
rubber-stamp expressions — all alike showing 
that we are simply too lazy to pick and 
choose. This is one sort of slang. It is bad 
because it does not do what language is made 
for doing — it does not express our ideas. 

The Test of Slang 

But of course not all slang is bad. There 
are plenty of vivid and useful expressions in 
English to-day which once were slang, and 
no doubt some of to-day*s slang will prove 
itself worthy to become good English too. 
The test is this: is there any way of saying 
this thing in accepted English? If so, is the 
new way more exact, more vivid, more use- 




ful? If there is no other way of saying a 
thing, the new way may very well lill a l6ng- 
felt need. If the new way is better •duyf.Mcy, 
who would wish to cling to the old? Only 
we have to be very sure of our taste before 
we set up to judge of these things. 

Somebody has said that “language is fossil 
poetry,” meaning that it is full of bold, vivid 
images which have hardened like fossil bones 
until we cannot recognize them for what 
they were. Some of ihe better slang turns 
out to be only a restating in clearer words 
\ of these fine failed old images. 

I'or instance, did 
you know that “in- 
sult” and “jump 
i>n” mean practi- 
cally the same 
thing? The Latin 
word from which 
‘‘insult*' comes 
means “jump”; so 
to insult a i)crscm is 
really to junip on 
him. The high- 
sounding word "le- 
calcitrant” origi 
nally meant ‘‘kick- 
ing”; so the next 
time }ou want ft) call a person 
a kicker in the politest of man- 
ners, you know w'hal you can 
say. Also, to “in)|)ose on” a person is ex- 
actly the same as “putting something o\er 
on” him, since it comes from Latin “in,” 
meaning “on,” i)liis the w'ord meaning 
“put.” And “apprehend” is literally “catch 
on.” Much of our good language is slang 
turned respectable. 

There is a third sort of slang, the special 
talk of ix?ople in a certain trade. Prize 
fighters talk of “taking the count,” “down 
and out,” “side step,” and these things have 
become slang among otlicr people too. Card 
players speak of “a new deal,” “placing all 
one’s cards on the table,” ‘^something up 
one’s sleeve,” and “passing the buck”; and 
all but the last of these expressions have 
nearly completed their climb up through the 
regions of slang to those of proper speech. 

It is rather hard to know just what to do 
about slang. Some sorts are altogether bad, 
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as we have said. Other sorts arc not so bad. 

‘ Of^coursc we use much more rigidly proj)er 
^fCTt^s whpn wc are si)caking formally or writ- 
ing than when wc are chatting with our 
friends.. But even with them wc do not want 
to be either lazy or vulgar. It is a good thing 
to use slang sparingly, like salt in food, and 
go slowly about 
ado'^)ting any one 
phrase or word 
that we cannot find 
in the dictionary. 

"J'hc old motto is 
not a bad one: 

Be not the first 
by whom the 
new* is tried, 

Nor yet the last 
to la}' the old 
aside. 

But suppose wc 
close with 'wo 
more stories of 
words which tell us 
vivid things about 
the romantic past. 

'J'he first of these 
is ‘‘beggar.^’ Awa} 
back hundreds of 
years agc) there was 



“sake.” Wc end with it because we should 
like to think its history stands for something. 
We .should like to let it stand for the great 
change that has come over the English- 
speaking peoj)ks during the centuries that 
English has been sj)oken. 

When the English, or Angles, with their 
cousins the Saxons 
and Jutes, i)oured 
into T.ngland to 
conquer it some 
fifteen centuries 
ago, they were a 
fierce and warlike 
race. They loved 
fighting above all 
things. To them 
war was “battle- 
play.” Their usual 
clothing was ar- 
mor. They had so 
many words rnean- 
ing ‘Svar’* or 
“battle” that we 
cannot nowadays 
tell the difference 
among them. 

One of their 
many w'ords for 
war was “sacii.” 
Most of the other 


in Erance a croiu) Murray (1837-1^^15), who probably knew as ^var words disap- 

, - , ” 1, ^ much about words as any man who ever lived. His great life , - ‘ 

of holv mi'll called work was editing the vast “New English Dictionary, “ from Iiearccl irom xling- 

t h e B i- ir lia r <1 s , t*** peditree of any word in EngUsh and jjsh men became 

1 1 1 1 i j I ^ 1 1 cl 1 u » . ^hoie life history through the ages. The people who worked ’ 

These men asked under Murray handled so much material to make this dictionary more peacea ulc 
4 . r that we hear of one scholar’s shipping over to them “some ton j tVinncrVif cf^mp- 

for gifts of money three-quarters of materials” which he had collected! tnougnt somc- 

or food, and they what less of killing 

\iere verv active and clever in obtaining such one another. “Sacu” remained. But its mean- 


or food, and they 

\iere very active and clever in obtaining such 
gifts. Clear over in England the Beghards 
came to be known as good gift getters. 

Finally tlieir very name came to be used 
in English to mean one ^^ho asks for some- 
thing in charity. And the word was worn 
down by use to “beggar.” Then, since this 
w'ord “beggar” looked like a good many other 
English words made out of verbS' - peddler, 
baker, joiner, and so on— finally people made 
a verb “beg” out of it. So instead of a 
beggar’s being one w'ho begs, to beg is really 
to act like a Beghard. 

And in conclusion, there is the little word 


ing changed. It came to mean “interest” or 
“consideration”; so that w'hen wc do some- 
thing for frJendship’s sake, or for the sake 
of a loved one, wc are acting from the very 
highest ideals, far removed from those no- 
tions of war and bloodshed with which this 
word began. 

What will “sake” mean in another thou- 
sand years? 

And w hat w'ill a good many English words 
mean in even a hundred years? No one knows. 
We only know that if English is to live, 
it must constantly change to fit new' needs. 
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H >w were runners able to relay 
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tern** 
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7-108 
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of direction useful to man^^ 4— 
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Practical Applications 
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PROJECT NO X- Make c 
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one another-^ 10-28-30 

Eeisure^time Activities 

Make a sage to one of your friends by 


means of lights 


Summary Statement 

Ancient systems of communi- news Unlike modern systems, 


cation were used only for official 
messages and important public 


they did not serve to carry private 
messages or to spread ideas. 
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**We want our dinner!” No need of words much way. The method works very well so long as we have 
less of newspapers to communicate this news! The only the simplest things to say and the people to whom 
human baby lets us know his needs in exactly the same we want to say them are within hearing of our cries. 


OLD, OLD WAYS of TELLING the NEWS 

When Therp Was No Newspaper, No Post Office, and Not Even 
Any Way of Writing, News Was Spread, Neverthe- 
less, in Many Interesting Ways 


ID you stop to think that we all 
s|)eTi(l our lives in a sort of prison? 
We ne\ er can step out of it, even for 
the liriefest instant from the moment when, 
as tiny struj^^^Iing mites, wc enter the world, 
until wc ciuit it as hoary men and women. 

is not a very large ])rison cither— some 
eight or nine imhes at its widest. It is our 
skull; and our minds live inside it as long as 
we live. Its only \\ind<ms are two tiny 
round holes that we call our eyes, liul 
through those windows our minds can look 
out at the world around us; and in certain 
other W'ays we can find out what is going 
on outside our bony cells. We can hear, 
touch, taste, and smell things. In fact, we 
have so many ways of learning what things 
outside of us are like that it seldom occurs 
to us that wc are in a prison at all. Becausi 
w e can carry our prison about with us wx 
hardly know wc are in it. 

But in it we arc! And all our talk and 
gestures and writing are just ways of making 
signs to the world through its walls. They 
are pretty good w^ays, on the w'hole, but 
they are not perfect; so the long history of 


our race is in large part a history of our 
constant struggle to find out more and more 
perfect ways to make ourselves understood 
through our prison w'alls. 

And now' wc are going to talk about a 
great many of the ways that early men in- 
vented to ^<‘11 i)nc another what they had to 
say, and to spread the new’s around the 
country. Long, long ago they began it all 
by just yelling; now we have the newspaper 
and the telephone and the radio, wnth many 
other things. But first wx must see what 
ways they had to start with. 

Have You Ever Heard an Animal Talk? 

The animals did a great deal to help them. 
They worked out all sorts of neat little ways 
for telling each other about important mat- 
ters. Have you over heard a startled crow' 
or blue jay w'arn the w’holc flock? Have you 
ever heard a mother cat give a little crooning 
talk to call her kittens — or a lusty robin 
calling to his mate from the peak of some 
gable on an evening in spring? The best 
orator cannot make himself understood a bit 
more clearly than they. And it was prob- 
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ably in some such way that the men who 
first appeared upon the earth communicated 
to one another the few ideas that they had. 

But they soon came to have a great many 
more ideas than the animals had ever had, 
and then a mere cry or a gesture was not 
enough. There had to be a great many cries 
and gestures, and 
each one had to 
say a pretty defi- 
nite thing. So 
complicated sign 
languages grew 
up, and compli- 
cated sets of 
sounds. And 
graduafiy, as men 
had more and 
more things to 
say, they w'orked 
out more and 
more perfect 
ways of saying 
them, until at 
last their cries 
grew into speech, 
or language. And 
the growth of 
language is still 
going on to this 
day. 

Now when men 
had learned to 
talk to one an- 
other they had 
gone a long way 
toward breaking 
through their 
prison walls. As 
long as they were 
within earshot of 
one another they 
could say just about everything they needed 
to say. But if they wanted to tell something 
to a man a mile away, they had either to go 
themselves or send a man to go and say it for 
them. It was very slow and inconvenient. 
Imagine what would happen to all our mod- 
em life if suddenly it should come to pass 
that our only means of communicating with 
one another was by word of mouth. We 
should soon find ourselves mere savages again. 



' %. . # t, 

I’liuto b> Aiii«ri''an Moraum of Natural lluCury 

These savage cave men have gone far beyond the kittens who 
for their dinner. They have probably learned to speak a 
simple language. Besides, they have discovered the secret of 
striking fire from flint, and with fire they will be able not only 
to warm themselves but to send signals from hilltop to hilltop 
telling the tribe news of hunting or of war. 


But after a while men found out ways to 
get around the difficulty. In our storj^-'of' 
writing we have told how by slow dcj^cs 
they learned to put their thoughts into some 
more lasting form than words. Aud even 
before that day Ihiy had hit upon various 
schemes for spreading news rapidly. Some- 
times they could 
send an alarm 
through a whole 
tribe or nation in 
an amazingly 
short time. A 
fire lit on a hill- 
top would set a 
series of signals 
blazing almost 
instantly on 
every hilltop in 
the land, and 
within an hour or 
less the whole 
clan w'ould bo to- 
gether in arms 
Some of the 
grc.it events in 
history have been 
told by beacon 
fires. Faster than 
even the fleetest 
Greek ship could 
carry the news, 
llamcs springing 
up from hilltop 
to hilltop told 
Queen Clytcm- 
nestra that her 
lord and master. 
King Agamem- 
non, had taken 
Troy. And when 
the Scotch and 
the English were at each other’s throats in 
the fifteenth century, an act of the Scottish 
parliament provided that “one bale of faggots 
shall be notice of the approach of the English 
in any manner; two bales that they are com- 
ing indeed; and four bales blazing beside each 
other to say that they are coming in earnest,'* 

In 1588 the hilltops along the English 
coast were ablaze with warnings of the dread 
approach of the Spanish Armada. 
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“From Eddystone to Berwick bounds, from 

^ Lynn to Milford Bay, 

• J'hat time of slumber was as bright and 
busy as the day; 

For swift to east and swift to west the 
ghastly war-ilamc spread, 

' High on St. Muhacl’s Mount it shone: 
it shone on Beachy Head. 

Far on the deep the Spaniard saw, along 
each southern shire, 

Cape beyond cape, in endless range, those 
twinkling points of fire.’* 

And if the fire could say a grea' deal, the 
smoke could say still more. The Piets in 
northern Britain, over beyond the wall that 
the Romans had built to keep them out, 
used to send up smoke signals to 
give one another the nevis. “IHifT' 
])oul)lepufT! Double })ufT! PulT'” 
they w'ould go. And while the 
Roman conquerors W'ere still won- 
dering earth those queer 

columns of smoke might mean, 
the Piets would l)e over the wall 
and fighting them tooth and nail. 

It was smoke signals that spread 
the news among the Indian tribes 
when the white man came to 
America. And to this day, the 
blacks of Australia, one of the 
most primitive of all peoples, are 
still using that old, old method 
for spreading news 


was 


Somewhere far off over the 
plains other Blackfoot In- 
dians will see the thjf' col- 
umn of smoke from thi^ fire 
and will be able to read its 
meamng. Perhaps the tribe 
is setting off to-morrow for 
new hunting grounds; per- 
haps the Cro^s are on the 
warpath; perhaps a new 
caravan of covered wagons 
full of palefaces is winding 
nearer across the plains. 


Another way of sending news rapidly in 
ancient times was by shouting it from man 
to man. Caesar found a system like this 
working in Gaul. Whenever an important 
piece of news was expected, men were .set on 
hilltoj)s to give tongue as soon as they gol 
wonl of the event. From hilltop to hilltop 
the message traveled fast across the miles 
in a language that was strange to the great 
Roman general and his men. Down in Peru, 
in the sixteenth century, Pizarro found 
w^ooden towers on the mountain tops 
shelter the criers of news. 

Sending Messages with Drums 

And still another way of communicating 
by drum taps. *‘Tom-tom-tom, tom, 
tom, w'ould go the drums in 
one village. The next village 
would hear the beats and pass 
them on to the third, and so the 
news would travel quickly 
through a whole tribe Tribes- 
men of Africa and islanders of the 
Pacific still use this tom-tom tclc- 
grajih, and it suits their simple 
j)urposcs very well indeed. Some 
of them, too, send messages by 
means of blow’s on hollowed logs, 
and down in Malaysia new's even 
travels by certain tunes played 
on the native instruments. Of 
course only the natives know the 
meanings of the strange sounds. 
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Those of you who have read that good old 
story called “Tom Brown’s School-Days” 
will remember the sarsen stones, or “blowing 
stones,” those strange hollow rocks on which 
a skillful blower could rouse a strange, weird 
blast that would ring through ail the English 
countryside. No one knows for how many 
centuries the stones had been used for spread- 
ing an alarm. 

Of course from early times runners had 
carried messages, both written and by word 
of mouth. Sometimes a picture on a bit of 
bark or wowl or bone was all they 
needed to take with them to tell 
their story. To this day the 
Australian natives send 
messages on a certain 
kind of stick. A saw- 
toothed design on 
the stick may con- 
vey a cordial invita- 
tion to go on an emu 
hunt, while an inter- 
esting crisscross may 
announce a wellaby 
hunt. 

The news that 
Cortes had landed 
on Mexican soil went 
swiftly ahead of him 
up to the Aztec capi- 
tal, borne by fleet 
runners trained in 
the service of the 
Indian emperor until 
they could make as good time as a horse. 
Each runner covered a stage of five miles, 
and then passed the message on to the next 
runner. In this way news could be relayed 
a hundred and fifty miles in a day. The 
Incas of Peru had much the same system. 
Over their fine roads the runners carried 
code messages made in string— one main 
cord with other cords of differept lengths 
and colors and a variety of different knots 
to tell the messages. Thus they had a secret 
code that the Spanish conquerors could not 
understand. 

The most famous runner in all history was 
Pheidippidcs (fl-dip'l-dez), a hero of ancient 
(irccce. Foot messengers were very impor- 
tant in his country, especially during the 


Persian invasion, for over the steep and 
rocky trails that had to serve as roads, a 
man could go more swiftly than a horser* So 
fleet and strong runners were of the greatest 
importance for carrying messages from one 
Greek city to another. 

Pheidippidcs had been a fine athlete from 
the age of twelve. At eighteen he entered 
the 01ym|)ic games as a citizen of Athens. 
Those w'ere great athletic contests held every 
four years and attended by contestants 
chosen from all over Greece; and to come 
out a winner in one 
of the events and be 
crowned with the fa- 
mous laurel wreath 
was enough honor to 
last a man for a life- 
time. Imagine, then, 
the excitement on the 
day when Pheidippidcs 
won all five contests - 
throwing the javelin, hurl- 
ing the discus, running, 
jumping, and w’restling. A 
great procession formed in 
Athens to go out and meet 
him as he was returning 
through the city gates. The 
rulers voted him a house and 
grounds, and he was given the 
right to cht)osc the fairest 
maid of Athens for his bride. 
Three years later he became 
the “chief runner” for his city. 

When the Athenians learned that Darius 
of Persia was again planning to descend 
upon Athens with his ho.sis, I’hcidippides w'as 
sent to Sparta to a.sk for help against the 
barbarian invaders. Sparta was a hundred 
and forty miles away, but at the end of the 
second day Pheidippidcs was standing in the 
Spartan assembly saying, “Men of Sparta, 
the Athenians beseech you to hurry to their 
aid.” Two days later he was back at home 
with the news that the Sf)artans would send 
reinforcements in five days. 

Brave Pheidippidcs 

But meantime the proud Persian army 
had already landed on the plain of Marathon, 
nly twenty-six miles from Athens. There 



Photo by l<icld Muapuih 


Here is a native of West Africa carving out a 
drum. While his people are very fond of 
music, it is as a means of signaling that their 
drums are famous; Even to-day news flies 
through the African bush so swiftly and mys- 
teriously that the white men, who would be 
lost wiUiout newspapers and telegraphs, can 
only admire and wonder. 
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Pheidippides had run 280 miles in four days, from 
Athens to Sparta and back a^ain Then without tak 
ing rest he had f,one to Marathon to carry messages 
and fight with his battling countrymen Now he has 
dashed back with the news of glorious victory, and at 
last sees the white pillars of Athens gleaming in the 


distance. But as he cnes out the tidmgs to those who 
ha/e come to meet him, he falls dead at their feet 
This brave Greek is the most famous of all couners, 
but many others are famous too — one of them is our 
own Paul Revere, who galloped through the mght be- 
fore the Battle of Lexington 


vvds no clioKc for tlu Xthciiuns cvccpt to 
nittl tlie JHrsiins in liitlk dl onto So the 
httk CiRtk arm\, onh ten thousand stioiii;^, 
set e)Ut out hot Se.pte mbtr d i\ 111 4 go n e , 
ind with them went Phe.idipi)i(ks Ihronph 
all that ela\ ed carnage. Ik earricel nu usages 
l)ack and feirth through the aiin\ I hen 
when victe)r> was certain, he set out spent 
though he was, to LaI^^ the news to Athens 
At sundown the w itchcrs em the eit\ w ills 
saw him eemiing, no lemgtr the swift Pheidip 
jneles hut a man who staggered in his tracks 
Ihc> lan d( 3 wn to meet him at the gale, 
ind as he fell into then arms the^ cried 
‘What news what nev\'^ Pheidippieksi*^' 
Blind anil reeling, he feebl> raised one 
arm and whispered hoiiseU, ‘Victor is 
oursf Athens is saxeeP’’ 

Ihen he b 11 dead 

Ihe news of Darius' eleteat must have 
spread through his own empire pretty 
speedily, for he had gone far ahead of the 
Ureeks m perfecting his organization for 
leeping m touch with all parts of his great 


domain Vt regulir intervals along all the 
main routes were stationed houses and horses 
for the use of the messengers Ihev rode 
mght inddi\ cirrving the king s decrees and 
the 1 e » { s of his oltic lals— scratched on blade s 

of bron/ )r graven on tiles or tablets of cla> 

When All Roads Led to Rome 

But better still was the svstem of the 
Romans, the greatest organizers of the an 
cient woild 1 ive trunk lines of magnihcent 
roids bound the empire together — ami all of 
them led to Rome One w ent through Capua 
to Na])les, and then across Sieih to Carthage 
An dicr stretched out into Macedonia bv 
wav of linnd si (brCn'cle-ze) and the Adn 
atie V thirei went over to Constantinople 
then known as B>/antium (bf-/iri'shl-um) 
and fiom there on into Asia A fourth ex- 
tended into Spain And the fifth ran along 
the route that Julius Caesar followed in his 
eomiuests, from Rome to Milan and thence 
over the Alps to Germany, Gaul, and the 
north 
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Along those great highways were relay 
houses, with foot! and fresh horses— some- 
times as many as forty — and excellent ac- 
commodations for the government riders. 
At some of the posts were carrier pigeons 
which messengers might take with them into 
a hostile country and send back with notes 
in case of need. Wherever the routes crossed 
the seas, a line of boats, with strong rowers, 
waited to carry the couriers swiftly on their 
way. Death w’as the penalty for interfering 
with a courier on his official duty. 

A Roman messenger always w'ore a siiecial 
badge of bronze shaped like a shield, and he 
carried his messages in a le^ither bag at his 
side. Sometimes they wxre written on scrolls 
of papyrus (pa-pl'rus), the kind of paper the 
Egyptians had learned to make from reeds 
that grew along the Nile. But more often 


they were engrave^I with a sharp instrument 
on tablets made of wax spread over thm 
sheets of wood or bone. Then, if there was 
danger of the message falling into the wrong 
hands, the courier could erase the writing 
simply by smoothing over the wax. 

But though the Ronitan roads were built 
for all time and arc still in use to this day, 
the tine system of communication wms wiped 
out when the Roman empire fell apart in 
the fifth century. At best it and other an- 
cient systems had not been used for much 
except the exchange of official messages or 
important jiublic news. They had never 
served to carry [>rivate messages or to spread 
ideas. That remained for later centuries to 
accomplish, until, with the aid of modern 
invention, th(‘ great fabric of our modern 
system had been securely woven. 



The old Roman gods, like 
the common mortals of their 
day, had to do without the 
telegraph; and they had no 
newspapers to read as they 
sipped Uieir morning nectar. 
But they did have swift Mer- 
cury, with winged cap and 
heels, to carry their 
messages. 
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Reading Unit 
No. 5 


HOW WE I. EARNED TO PUT OUR 
MIN13S ON PAPER 


i^Jotc: For basic information 
not found on this page, consult 
the general Index, Vol. 75. 


For statistical and current facts ^ 
consult the Richards Year Rook 
Index. 


Interc'stinji Facts Explained 


How picture wrilinR be^an, 10 
35-36 

riclure writin^n and trade marks, 

10-37 

How Chinese writing Rrew from 
pictures, 10 37-38 

Thinjls to 

How did our al[)habet grow out of 
the Semitic alphabet? 

Why did the Indian chiefs in 
North America use pictures 
when sending messages to their 
allies 


How the ali>habet was developed 
from pictures, 10-38-44 
Hieroglyphics, 10-42 
The Rosetta Stone, 10—41-43 
The •^'honetic alphabet, 10-45 


Think About 

Why is it not possible to send 
messages in Chinese by tele- 
graph ? 

What are the chief troubles with 
the English alphabet? 


Related 

What is (he <»ldest date in his- 
tory? 10-477 

How far did the Hebrew kinc- 
doms of Judah and Israel ex- 
tend? 5-48 

When was Egypt the center of 
Greek culture^ 5—181 
Why did the Eg>ptian calendar 
work belter than other early 

Practical 

How can a stenographer write 
words as fast as the^’ are stx>- 
ken? 10 45 

Why is our alphabet of 26 letters 

Summary 

The letters of the alphabet 
have changed almost beyond 
recognition from the old Semitic 
letter pictures out of which they 


M aterial 

calendars? 5-49» 5^^ 10-477, 
480 

How' did the Egyptians write 
numo»Ts? 10-421-22 
What Wcis the main source of Ro- 
man culture? 5-218, 227, 229 
When w^'ls Greek the interna- 
tional language? 5-181 


Applications 

able to do what it takes thou- 
sands of characters to do in 
Chinese? 10-37-44 


Statement 

grew. There are only a few let- 
ters which we still use in anything 
like their early form, and we now 
have more sounds than letters. 


33 





THE STORY OF WRITING 






kifviS^ « 1 \ 




A — Egyptian wall inscrip- 
tion, more than 3,500 
years old. B— Egyptian 
writing on papyrus. C — 
Mayan monument with 
inscriptions, Guatemala. 
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For hundreds of years the monks were about the only some goose or crow» and carefully cut to give it a 
men in our Western world who had any learning. In good point. Quill pens were used as early as the first 
those dark ages even kings did not know how to read century after Christ, and for hundreds of years were 
and write. And the monks were not only the scholars the best instrument men had with which to write, 
and physicians and scientists; they were the teachers Metal pens had been made in ancient times — one of 
too. And they were the **printers” I But they did not bronze with a split nib was found in the ruins of 
have presses to turn out thousands of books in a day. Pompeii -and the **calamus,” or reed pen with a split 
Every letter had to be made by hand, with a brush nib, had long been in use. But it was not till the 
or pen. The pen was usually a quill, plucked from nineteenth century that metal pens grew common. 

HOW WE LEARNED to PUT OUR MINDS on PAPER 

It Is a Curious Fact That Every Time You Write a 
Letter You Are Really Drawing a Few 
Hundred Pictures 

COURSE people starlcd talking long sticks in Jic sand. 'Fhey smeared them with 
before they ever thought of writing, colored clays on flat stones. They even 
Even to-day there are savage tribes scratched them on bones or on soft rock such 
who have no way of sending messages except as sandstone. 

by word of mouth; but there arc no pe-^ole In a region of France called the Dordogne 
so savage that they cannot talk to one an- are some of the very caves in which men 
other. Writing probably began many thou- lived ages ago, and on their walls are many 
sands of years after talking started. drawings of the mammoth and of other ani- 

It grew first out of the fun of making pic- mals, traced there by men of long ago who 
tures. Even when men lived in caves and loved to make pictures just as we do, 
the mammoth roamed the earth, people drew Now of course such pictures are not really 
pictures. They traced them with sharp writing. If you drew a mammoth just for 
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fun you would be only drawing, not writing. 
You would not be telling anyone anything 
by your picture, except how the animal looks. 
But suppose you had the bright idea of 
drawing a mammoth, or a herd of mammoths, 
and sending it to some friend of yours to 
say, ‘‘There are lots of mammoths here; 
come and help me hunt.” That would be 
writing. 

Man’s First Step in Writing 

And that was probably the way writing 
started. Some man— or j>erha}>s it was a 
boy or girl — who could draw pictures w'anted 
to send a message. Perhaps ho w'as going 
on a journey and wanted to leave word at 


skillful picture writers they learned to ex- 
press ideas by means of pictures, as well es 
to show objects. For example, a broken line 
might mean the path of life from childhood 
to old age; wavy lines might mean weakness 
or want of powder. It is surj)rising how many 
things picture wrriting could exi)res3. 

Picture Writing in America 

And there was another great advantage 
in picture writing. It had nothing to do 
with speech. You know that if you draw a 
picture of a dog, anyone will know what jt 
is, though you yourself may call it dog while 
the Frenchman says chieHy the German 
hund^ and the Russian calls it by a different 


the cave to say where he could be found or name still. In just tlic same way, any In- 

w’hen he would get back. Perhaps he was dian at all could umlerstand a sun when he 

in a strange country and wanted to tell a saw a picture of it, even though the person 

native something, but did not know the who drew the picture might belong to an 

words. In either case, and in many other entirely different tribe, and have rpiite a 

difficulties, pictures w’ould be very useful, different word for “sun” from his own. 


Any picture that 
gives a message is 
writing — picture writ- 
ing. It was one of the 
first ways of writing 
that man invented. 


When men first tried to put their thoughts down in 
writing for other men to read, they could think of no 
better way of doing it than just to make pictures of 
what they were trying to say. The American Indians 
discovered how to write in this way, and could make 
a few marks on a piece of birch bark or skin say a 
great deal to anyone who knew how to interpret 
them. In the oval below is a sample of Indian pic- 


These ])ic turcs, 
then, were a speech 
everyone (i)ul(l undcM- 
sland. And they 
needed to be so, lie- 
( ause the Indian trilies 


The Indians of North 
America w^ere great 
picture wTiters. An 
Indian could scratch 


ture writing. A means, Buffaloes came near the 
wigwams. B means, A humpback was killed. To-day 
we might have difficulty in recogmzing the buffaloes, 
or mi^t take the fatal arrow for an olive branch. 
But the Indians'were more learned in these matters. 


in North America 
spoke hundreds of 
different languages, 
and w^ithout these pic- 


a whole long letter on a little piece 
of bark. A sun w^ould mean a day, 
a moon a month. A thing w’ith a 
circle as head and a straight line 
for a body would mean a man; and 
there were other figures for money, 
for different kinds of food, and for 
other common articles. 

As the Indians became more 
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tures a chief could not easily have sent mes- 
saj^es to his allies telling them the things 
they needed to know. No other way of writ- 
ing would have done so well as this one. 

We still have picture writing in America, 
only we call the pictures by another name, 
we call them trade-marks. It is an interest- 
ing game to see how many 
coihmon articles from 
the grocery you can 
guess from the ])ic- 
ture you alwa>‘^ 

see on the [ / % 

wrapjxjr. All ^ 

such trade- ;*'i Wk 
marks are e\- 

ani])les of pic- I 

lure writing ® 3 | 

hey sa\ gJSS9j| I 

believe I am 

pictures arc itgis Ui 

tered, or kept m the M( 

government buildings in (S' 

Washington And if you Ei 

send one there to be kept, no Sll 

one else can use that This Japanese 
picture It is v ours bazaar is holding W 

But you can sell usedVthe^ong WCI 
someone the right to nbbonof a sign at 

use It, for It IS Japanese took ' 

thought to have a 

value Its value lies of having a different sign 
in Its usefulness to 

in iLS useiuniLSi'j ui a given sign represent a 
advertise the thing it single syllable In this 
11 av way the same sign could 

belongs with the ^aad over and over 

soap, tea, or cocoa agsm m different words, 

^ ‘ ' . / , and writing was much 

that It alw^ays simplified. 

adorns. 


they soon began drawing pictures to mean 
i<leas as well as things. And since the 
Chinese were much more thoughtful and 
clever than the Indians, their picture writing 
grew and grew until it became the biggest 

In Chinese the signs used in wnt- Picture 
ing are called ideographs, and were at guage the 

first intended for pic- wn r 1 H h n q 
tures of the ideas woriQ nas 

they stood for. These ever known. 
^ pictures have been Tm!i<rfnr- 

1^ simplified until now imagine 

tSt t*^®y very dif- a dictionary 
vlllSi ferent from the thing . u . « u 

Jj^ they represent. But ^ ^ w h i c n 

every word 

iSt history of some of i-rr 

^ them if you will ez- was dllier- 

\ amine Uiecolumns a n t f r n m 
in the square. irom 

The ancient every other 

sss^s: -1‘f- 

4 A first column, ferent just 
BLU iBr vJ the modern . 

Hi torm m the the corn- 


last Mlumn, bination of 

Se ^o^the letters, but 
unons steps different in 

alliuparts 

^ A Chinese 

kVtN S ^ ^ dictionary 

)UD r n ^ ^ wouldbeal- 

HT ^ most like 

UHTAIN aAaIU that. Not 

LO ^ quilc. be- 

d 0 0 S ^ cause there 

GING ot 

R« ^ pictures, 

CON ^ !» Standing for 

«£»« a few ideas, 

, that enter 

I reiw I It to Herlin iotO E num- 

ber of words in Chinese For instance, the 
old picture for Aoitse had two ui>-and-dowTi 
lines for walls and a line across for a straight 
roof, and that old picture for //ouse is found 
as a pail of several words, such as /o dwell, 
door, window, and so on But a few such 
wouls do not help much 
Chinese is hard to write that it takes 


This Japanese 
bazaar is holding 
a sale, as adver- ^ 

tiscd by the long ^ 

nbbon of a sign at 
the right The , 

Japanese took 
their wnting from 
the Chinese, but instead 
of having a different sign 
for every word, they let 
a given sign represent a 
single syllable In this 
way the same sign could 
be used over and over 
again in different words, 
and writing was much 
simplified. 


HCAVCN 
CLOUD 
UGHT 
MOUNTAIN 
CHILD 
EAR 
SINGING 
HORU 
WAGON 
nCCNSE VASE 


©> ^ oj) \hM 

aAa tU 

*0 <? ® mm 

izk 

vvxje A® 


h j1 I > I reiw 1 It to llerlin 


And besides this simple use of picture ^or 
advertising messages, one of the great mod- 
ern languages still uses the picture idea for 
its writing, although it is not a simple pic- 
ture writing like trade-marks. This great 
language is the Chinese. 

The Chinese, like ♦be Indians, started their 
writing with pictures. Like the Indians, 


years and years to learn. You must be an 
artist in order to write Chinese well, and 
then, too, you must have a prodigious mem- 
ory to recall all the funny figures, which are 
all that is now left of the pictures that meant 
words in the beginning. Every figure means 
a w'ord, and every figure — thousands upon 
thousands of them — is different from all the 
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rituio b> lirtM 


It was the Egyptians who first had the bright idea of 
letting a picture represent a sound instead of an idea. 
That was a tremendous step in the history of wnting. 
Its final result was the alphabet. But the Egyptians 
did not invent an alphabet all at once. They made 
elaborate pictures to represent their sounds. In the 
scene above, the carver is cutting those pictures, or 
hieroglyphics, into sohd stone, for scholars to read 


to-day. The oval shows how the hieroglyphics looked. 
In it are three cartouches ikar-toosh') that is, three 
ovals inclosing hieroglyphs that represent the name of 
a monarch. The two smaller cartouches belonged to 
Cleopatra, the famous Egyptian queen If you will 
compare them you will see -Chat the characters repre- 
sent the same objects, and therefore the same sounds. 
In the center is the cartouche of King Ptolemy V. 


Others. No wonder the Chinese h«ivc a hanl 
time learning to write! 

Telegraphing a Message in China 

But that not their only difficulty \ 
language of this sort cannot be sent by tele- 
graph. As you know, in telegraphing a 
language one combination of quick and slow 
clicks means a, another ft, and ao on I'hat 
works very well when only about fifty such 
combinations are needed. But imagine try- 
ing to make separate combinations of short 
and long clicks for fifty thousand different 
words, and you will see another reason why 
picture writing bothers the Chinese. The 
pictures are such a nuisance that the Chinese 
are beginning to use a simplified set of words, 
with only about a thousand different figures, 
for their books. Perhaps sometime they will 
go further and begin to use the alphabet wc 


use, with only t\\enl\-si\ dilfcrcnl figures; 
they already have lo use such an alphabet 
to send their telegiams. 

So picture writing, well as it served the 
Indians, is not much good in the modern 
world of dictionaries and Iclcgrajdis. It is 
veiv fortunate for us that al]dial)els were in- 
vented, for wdthoiit them mtxlern life w^ould 
be much moie complicated than it is. 

How the Alphabet Was Invented 

But alphabets did not just come into being 
by themselves. They w'ere developed little 
by little out of pictures. And the idea that 
made them possible — the second really great 
idea in writing — was a tremendous event ia 
man’s history. The first great writing idea 
was to make a picture tell somebody some- 
thing. The second was to make a picture 
stand for a sound, rather than a thing. This 
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In Central Park, New York City, is the Egyptian obelisk shown here 
in the center of the page. Those tall fingers of stone were set up 
along the ancient Nile in order that kings might leave upon them a rec- 
ord of their deeds for generations yet to come. The carvings on two 
faces of the obelisk are shown at the sides of the page. You will notice 
that you can make out various cartouches — that is, hieroglyphics set 
inside an inclosing line to represent the name of a person. Writing of 
this kind was very laborious to make, but as you may see, it was often 
very decorative. 


Qprnnri err oat Central Park, New York Ci 

lueai^ one along the ancient Nile in order 
w Vi.l r Vi t It o deeds for generati< 

Chinese and that you can make out various 
tlio inside an inclosing line to repre 

me ijinians ^jjjg ^ng igboj-io^g to 

never hit up- very 

on, is called the “acrophonic” (ak'rO- 
fftn'Tk) principle, or the use of the pic- 
lufe to represent the first sound in a 
word, instead of the whole w’ord. / 

Suppose you were jiUnning to send f 
a letter in picluie writing. Perhaps you U 
can pretend you were the olTicial sender ^ 
of messages for a settlement in old i 
Kgypt, thousands of years ago. But 
you arc diflerent from the other senders 
of messages. You are different he^^aust 
you are cleverer. You like to think up r 
new ways of doing things h 
In your language we [ 
shall pretend that the w'ord P 
for water is rna. You have j 
sent messages con- r 
taining this w^ord ma You P 
diaw it In making a choppy 
zig/ag line like this - --- w r 
'rhat means or 

‘Svater ” You like to draw 
this puture for ma, water h 
It is easy to draw', and it ! 
>w carries its meaning easily. L 

Now’ when you say ma L 
you notice that you shut i 

IjCI^Effl oj^en them. And there are | 
« ’•«! many words in your Ian- t ^ 
• ^ begin with this 

same lip-shutting sound, i 
,L. You notice this, and in i 

^ your own f ' 

I* mind you 

call all t hese 
Sj ^ w'ords ma- 
•V w'ords — wa- 

f * ^ w'ords. 

^ One day 
« y o u a r e 
; drawing 

I some very 

aSMBn sages nn 

I ..Jl WOrclSin ehuto by Keystone View Co 






Orptian obeUsk shown here them that PUZ- 

Lgers of stone were set up 

light leave upon them a rec- zie you, be- 

rSl.S,W»lK cau*,oudo 
—that is, hieroglyphics set not know JUSt 

tow 10 show 
them in pic- 
tures. IIow can you draw a picture 
friendship, for instance? If you draw 
tw'o i)Cople hugging each other, some- 
one might think they w’ere fighting, in 
stead of hugging, because you are not 
a ver>^ good artist. You are disgusted 
wdth this message the chief has given 
3^ou to send. 

Then you have an idea. Here is a 
w'ord mu-mo that you have to make a 
picture of. Afu-mo has in it two of the 
w? (/-sounds-^ the lip-shutting sounds. 
Nevermind the othersounds 
ill the w’ord! Why not 
w ri te twice this 7fta j)icture — 
this choppv^ wave line — 
and send that for your mes- 
sage? You could draw' a 
line around it, so that the 
king who got the message 
would know’ it was one 
w’ord. 

So \’ou try wanting two 
wavy wu-lines for mu-mo \ 
and then, because 30U arc 
afraid the king to w’hom you 
'^’*1 wiiling nut)' not under- 
sr M(I, you go \’ourself with 
the messenger, to e\plain if 
neccssar>\ And it is a good 
thing that you went, be- 
cause the king does not 
understand at all. He 
just says 
ma-ma and 
wonders 
w’hat it is 
all about. 

So then 
you care- 
fully ex- 
plain to him | 7 |^l 
that the 
picture you KSn 
have drawn 'JjLnRM 
meansi not — 
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AU up and down the Nile are rums of . 

tombs and temples left us by the Egyp- 
tians, and covenng their walls are in- 
scnptions m hieroglyphics that tell us cf 

the lives of those men who bved so many hundreds of years ago. 
The center picture shows a famous event the opening of the tomb of 
King Tutankhamen near Luxor In the oval at the right is shown the 
intenor of this ancient tomb, which has been transported to the New 
World and set up m the Metropolitan Museum in New York City. 


nrinrinlp U/hen ^ * 

principle wnen temples left us by th< 

you first used tians, and covenng their walls 

♦Via scnptions m hieroglyphics that tel 

the wo-picture 

for the sound The center picture shows a famoii 
lyn • King Tutankhamen near Luxor 

W, 1 niS piC- intenor of this ancient tomb, whi 

♦lire vou h3,ve World and set up in the Metro] 
, . - Ito pieces are arranged precisely 

taken for the up m, thousands of years ago, an 
firQt <u^iind in ^ho can read them, the story thi 
souna in ^orld, or the race that now 

the word which m history. Often it takes great 

i« thp namp mscriptions that tia 

IS the name oi mgy ^ 

the picture to solve when he finds the stone 

You have together agam before 

made one of the greatest inventions of all time. 

Now consider how much time and bother 
you have saved yourself by inventing the 
ma sound picture. You will never again 
need to worry over how to draw pictures of 
difficult words like mu-mo. All you need 
to do is to make two wavy lines, with per- 
haps a couple of other pictures for u and o, 


Its pieces are arranged precisely in the order that they were first set 
up m, thousands of years ago, and its inscriptions still bear, to those 
who can read them, the story that was carved there long before the 
New World, or the race that now inhabits it, had made its appearance 
m history. Often it takes great patience and cleverness to recover 
some of those mscriptions that time has dealt so roughly with. From 
the oval at the left you may see what a Chinese puzzle a scholar has 
to solve when he finds the stone all scattered and broken and must 
piece it together agam before he can make out what it says. 


il could have 
happened only 
onto The in- 
v LMi t i o n of 
word pictures 
was very easy 
as compared 
with that of 
pictures to 
stand for 
the very first 


sounds We think that the very first 
alphabet was worked out in Egypt over 
SIX thousand years ago. And from its gen- 
eral 1 lea— though not from its exact pictures 
— came all the various sound pictures in the 
world t(,-day. 

The Egyptians did not really use a wavy 
line for although that sound picture was 
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Here is the picture of the most famous block of stone 
in the world. It was found in Egypt in 1799, and is 
called the Rosetta Stone, after a town in the Nile 
Delta near the spot where it was unearthed. The 
British Museum now owns it. It is of black basalt, 
and measures 3 feet, 9 inches by 2 feet, 4^i inches; 
it is II inches thick. But heavy as it is, its wortli is 
many times its weight in gold, for it was by means 
of the Rosetta Stone that scholars were first able to 
decipher the Egyptian hieroglyphics, and so to learn 
the history of the strange land along the Nile. The 
inscription on the stone is written in two languages. 


Greek, at the bottom of the stone, and Egyptian. The 
Egyptian version is in two forms: at the top it is in 
the old hierglyphics, nearly always used for state 
and religious purposes, and in the center it is in the 
demotic characters, a simplified form of writing which 
had come into use for ordinary purposes by 196 B.C., 
the date of the stone. Because scholars already knew 
Greek and Coptic — the Egyptian language as spoken 
by early £g}rptian Christians — they were able, after 
many years of study, to puzzle out the hieroglyphics. 
The inscription commemorates the coronation of King 
Ptolemy V, and tells of his great deeds. 
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On this large stone, now in the Museum of the Louvre, in Pens, is 
the earliest Phoeniaan writing to which we can assign a definite date. 
The inscnption, which is doubly interesting to us because it clears up 
a passage in the Bible, tells how one Mesha, king of Moab, put down 
a rebeUion mne hundred years before Chnst. The Moabite Stone 
was discovered in 1868 near the Dead Sea, on the spot where the 
ancient capital of Moab once stood. But the Arabs, seeing that the 
strange affair was valued by the Christians, seized it and broke it 
to bits. Luckily impressions had been taken of the inscription, so 
that the stone could be partly restored, as you see it here. 
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phabet, the ^ rebeUion mne hundred yei 
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the EeVDtians I'Uckily impressions 

... - , that the stone could be j 

did first draw 

sound pictures for their ril- 
ing, and these pictures 
now call hieroglyphics 
(hi'er-d-gllf'Ik) In / 

these hieroglyphics w r ^ 

there is a picture i 
of a lion which, f , 

oddly enough, I 

means L, the first I ^ \ 

letter in the Egyp- I * * ^ ^ 

tian word for I ^ 

'^hon” as well as in I 

ours There is a I 

picture of a large I ' 
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A. And there are I Vi ' ’ * 
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Even the Egvp- 1 ^ 

tian hieroglyphics i]i 
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awkward after a J 

while. Imagine 
carefully drawing 
a lion every time 
you wanted to 
make L« The 
picture itself was 
too complicated 
for quick writing 
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Egyptian scrilies 
began to leave ofl v 

parts of the pic- 
ture — the feet, ^H||||H 
even the head 

And in this way Photo by Metropolitan Muaoutn of Art 

another sort of 


quicker wTiting 


wanted 'to be- 
gin a new 
letter, .and 
pictures them- 
selves^ were 
easier to draw. 
This easier, 
is now called 


.'.t , C' r/> 




. . , , The Phoemcians always wrote from right to left instead of from left 

writing devel- to right, as we do; and their letters faced m the opposite direction 
ooed In it Greeks showed them as facing toward. For when 

‘ the Greeks borrowed the Phoemcian alphabet, they wrote it from 

you did not left to nght, and turned the letters about. It was from those reversed 

hnvp tn lift thp Phoemcian letters, which the Greeks adopted, that our modern alphabet 

nave LUiiiL uic descended. From the two sets of columns m the inset you may see 

pen or brush how much the miUions of hands that have used those letters through 

fr/\m fhAnorkar Changed and shaped them into our alphabet to-day. 

irom uie paper xhe second and fourth columns give the Phoenician letters, but turned 

evervtimevou ebout, as the Greeks vrrote them, the first and third columns give 

voioa jr » ^ modem eqmvalents. 
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riinto liv (ii(iiiiiitor(T liroH 


Writing is CP nid, old art in China. The picture above ago. It was there that paper was first made» fashioned 

shows how records were kept there many centuries from a mixture of vegetable fibers. 


in Clreck, the language of the king of Kgypt. 

Now pco])lelui(l never forgot- 
ten how to read Cireek, and so 
that part of the writing gave 
them the general meaning of « - 



them. They decided that 
these cartouches must contain 
the names of kings or queens. 
And by patiently figuring 
what king’s name must be 
within the lines, they finally 
worked out the letters which 
the hieroglyphics stood for. 
Nowadays wise men can read 
hieroglyphics readily, ami all 
because of the Rosetta 
Stone. 

These Egyptian hiero- 
glyphics have precisely the 
same, idea as our own English 
ABC’s, but the form is very 
different. Where did the Eng- 
lish letters come from? 

Well, after the first alphabet 


mm 


'lY<! l-w; 


riiotu by Deutobon Musauiii 


When Nebuchadnezzar, king of 
Babylon, wished to tell the world 
of his great deeds he punched 
holes in soft clay and baked the 
record in an oven till the clay was 
hard aa stone. Here is a cylinder 
bearing one of his inscriptions of 
a,5oo years ago. 
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was made, other people saw w'hat a useful 
thing the Eg\’ptians had discov- 
ered. And ver>^ soon they de- 
cided to make sound pictures of 
their own. Among these alphabet 
l)or rowers were the Semitic peo- 
])le living in Palestine and in 
Phoenicia (ffe-nlsh'I-a). Since 
the picture idea was still fresh 
in men’s minds, these alphabet 
borrowers decided to make 
up their own pictures for 
their owm sounds. For in- 
stance, where Egyptian 
hieroglyphics have their own 
mark for w, the Old Semitic 
sound pictures had the wavy 
line which stood for the 
Semitic wwd mayim, mean- 
ing w^aters. In this Semitic 
sound picture we can 
clearly see our owm let- 
ter which is a direct 
descendant of the water pic- 
ture of the ancient Semites. 

Both the Hebrews and the 
Phoenicians were Semitic peo- 
ple, and both of them borrowed 
the idea of the Egyptian alpha- 
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bet when they began to work out their own; 
but it was the Phoenicians and not the 
Hebrews from whom the Greeks got the 
alphabet which, somewhat changed, we use 
to-day. A very old story tells us that it 
was Cadmus, a Greek, who brought his 
people into Europe and who gave them 
their alphabet. Whether 
or not there ever was a 
Cadmus, it is certain 
that the Greeks got 
their alphabet from the 
Phoenicians. 

By this time people 
had forgotten about the 
pictures which stood for 
the sounds, and only 
thought of the sounds 
themselves when they 
looked at the pictures. 

You see quick writing had 
changed these pictures 
so that they did not look 
very much like the thing 
they were supix)sed to 
represent. For example, 
the first letter, aleph^ 
from which we get u, was 
supposed to be a picture 
of an ox. But w'hen first 
we meet it, all you can 
see is two horns and a 
yoke across; and in later 
Semitic writing the pic- 
ture was changed still 
more, so that when the 
Greeks got it, only the 
two horns are visible, 
and they are dowm atone 
side instead of up w'here 
they should be. So the 
Greeks did not need to 
bother to make up a new set of pictures; 
they just decided that a couple of horns 
could be the a-sound, and a wavy line the 
w-sound, without caring what these lines 
pictured. And we make a wavy line for m 
to this day! 

The Growth of an Alphabet 

So in passing from the Phoenicians to the 
Greeks and from the Greeks to the Romans 


and from the Romans to the English, the 
old Semitic letter pictures got changed al- 
most beyond recognition; there arc only a 
few which we still use in anything like their 
early form. The letter m is one of these, 
and another very old sound picture is the 
letter T. Except for the fact that the head 
is gone, this letter still 
j)resLTves very closely the 
old Kg\q)tian “life sign’’ 
-- the picture of a man, 
with head, arms, and 
body. 

The Kgx^itians at first 
drew tlieir sound pictures 
on walls, or chiseled them 
into stone The Hebrews 
too used stone slabs for 
writing, although both 
they and the Egyptians 
later had a kind of ])apcr 
called papyrus (pa-jn'- 
riis), made from the 
stems of a plant with the 
same name, d'he Assyri- 
ans and the Babylonians 
wrote in w'hat is called 
cuneiform (ku-ne'I-formV 
'I hey had a i)eculiar 
methofl of stamping 
wedge- shai)ed figures into 
WTt clay l)ricks. 'fheclay 
would harden into brick, 
and there w’ould be a 
letter -perhaps an invi- 
tation to dine or a bill 
for a suit of clothes. 'I'he 
Rf)mans liked to use wax 
tablets, on which they 
wrote w'ith a pointed tool 
called a stylus (sti'lus). 
Later still, the men 
who invented our own language, the Anglo- 
Saxons, cut out flat slabs of wood on which 
to write, and carved letters on them just as 
you might carve your name on a pencil. 
Two of our words, book and beech, come 
down from these early days. A beech is a 
sort of tree that will carve easily, and book 
and beech were the very same word at first, 
because a book was nothing but a beech slab. 

Many early books were rolls, written on 


\ 

7 

1.KI rK \l PH \HI U 

r 

[ ^ 

\l IAS PHAII^ tb 



b 

c ■ 

1 . ii.' 

U| in'* 


I)-. 

p. » ... 

lmK.% 

1 .lit 1 «ii. 

R .MS 


• 

A 

A 

;1AA 

* 

AA 


AAA 

A 

$ 

b 

B 

CD 

B 

b 

8 


t B 

B 



r 

< 

AC 


<C 

>DC 

<CG 

CG 


j 

A 

C> 

AD 

d 

D 


t> D 

D 



f 

f 



^ E 


II 

E 

^1 

‘i... 


F 

F 


r 


F 1* 

F 



I 

I 

I 

/ 

n 





H 

H 

E3H 

h 

□ 

UB 

H 

H 

*11 ‘ 


e 

©O 

S 

©o 

®oo 





1 

1 

1 

. 

1 

1 

1 

1 



K 

K 

K 

a 

K 

A 

K K 

K 

V 


A 

1 

t 

1 

U 

si 

U L 

L 

7, 



M 



r 


M/AM 

M 

1 


/V 


A/V 

• 1 

1 K 


/VN 

N 



I 

+ 

+ 1 

1 1 

1 * 

' m 





« 

on 

o 

OO I 

1 

o 


1 OO 

O 

l| 


r 

r 

rn ' 

^ P 

Ph 

1A 

rpp 

P 

V'' 





t 

MM 




9 



9 

9 

»I 

9q 


9Qa 

Q 



p 


PfcR 


p 


ftPR 

! R 

- 


t 

i 

y<i 

. 

a 


ss 

S 

x. 


T 

T 

T 

. 

tT 

Y+rr 

T 

T 

1 


YV 

YV 

Y V 


r 

yvY 

NV 

V 

1 






-FX 


X 

X 


lb 

<D 


0^ 



i 09 







9 

rh 

Y 




1 

.-il 






f 


88 


j 

i 


Pbolo r^proilucf^l frmn A lli«*tor> on the Art of W ntiun 
MaoMiIIaii ('«• 


Our modem simple alphabet was not built in a 
day. Its earliest ancestor first saw the light in 
ancient Egypt. There the Phoenicians got it, 
in a form very strange to our eyes, and passed 
it on to Greece and Italy. Its family tree is 
shown above, from the alphabet those Phoe- 
nician sailors used, down to the one fashioned 
by the practical Romans. It is hard to realize 
to-day that once upon a time the letter A was 
an eagle; D, the human hand; and M, an owl. 
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long wide ribbons of i)archment and rolled 
on two round sticks, one at cither end. This 
way-of making books was much better than 
using stone slabs or clay bricks, because a 
book w.as lighter and easier to carry. But 
still our modern books are a great improve- 
ment, for we can turn to any page easily, 
while it must have taken a long time to turn 
to any given sentence in a book roll. 

It seems odd to think that an alphal>et 
might wear out and need to be replaced by 
a new one, but sometimes things (lo hap{)en 
that way. Our English alphabet is just 
such a worn-out set of letters; and it might 
easily be argued that the i>eople who sf)eak 
English would f)rorit by throwing their al- 
phabet away, anrl gelling a new one. In 
some ways our letters have been worn out 
for a long time, but some of the wear has 
begun more recently. 

You will remember we said that when th(‘ 
message writer wanted to write mu-mo ^ he 
just wrote tmn and left out the other two 
sounds? W<‘ll, that was the w^ay of the two 
greatest t‘arly al])hal)ets, the Egyjnian and 
the Semitic. Only the stronger sounds, the 
consonants, were pictured. Ihe weaker 
sounds, the vow’ols like a, Cj /, o, and u- 
were left out. 

When the Greeks and Latins got their 
alphabet, they ma<le pictures for .some of 
those w'eak vowel soun(l>, but they di<l not 
make enough of them. No one has e^ er 
succeeded in completing the li'it of vowtI 
letters. And so in Modern English we have 
fifteen vowel sounds and only live letters to 
write them with. We now' use the same 
letter for two very difTerent sounds in so 
and tOy and still the same letter in icon and 
hoL That is one troulde with the Engli.sh 
alphabet, but it is a very old one and goes 
back to the beginning of all the alphabets 
clear back to Egypt. 

But English lias other alphabet troubles 
that are all its own. In all, there arc af it 
forty sounds in English, but we have only 
tw'cnty-six letters to picture these sounds, 
and of these tw'enty-six letters some couUl 
be lost without hurting the aliihabet a bit. 
The letter Q is the same as kw. The letter 
X is always either k> or gz. The letter c is 


always either k or s. These letters x, 
and c, therefore, are really not needed in 
English. 

Men who have studied language have 
made up an alphabet, called the alphabet 
of the International Phonetic Association, 
to express in a true and scientific way the 
souncls of English. It has one letter for 
every sound, and only one. Here is a poem 
in this phonetic (f6-n2t'Ik) alphabet. See 
if you can read it. 

men haed a litl laem 
Its ni:s woz Malt az sno: 
send EvriMCj Sot men went 
So laem woz Ixiir to go: 

Perhaps this looks very difficult to you, 
but if you should once learn it, it w'ould 
seem easier than the way you w'rite now. 
For one thing, you w'ould never again nee<l 
to boiner aljout si:>elling, because eve»y thing 
would be spelled just as it sounded. And 
since this is an international alphabet, you 
could pronounce French or German in it 
about as easily as you now pronounce Eng- 
lish. Of course you could not understand 
what you read unless you knew' French or 
Cicrman, but even to pronounce it would 
be useful. 

One of the newest alphabets in use to-day 
i'^ that of Russia. This way of writing w'as 
devised only about five hundred years ago, 
an<l it has not had time to get worn out. 
It has »hirly-sL\ letters, ten more than 
English, >«) every sound has a picture of its 
ow n. 

Jusl as the Egyptians began leaving off 
parts of their complicated sound pictures, 
so men in modern times have looked for 
ways to make writing quicker. These quick 
ways of writing are c<'tlled shorthand, and a 
number of different shorthand systems are 
in use to-day. Several of these systems 
leave out the vowels just as the old Egj’ptians 
did, except that they do have dots for the 
vowels, w'hich can be put in if the writer 
w'i.shcs. 

Shorthand uses single lines running in 
different directions, or small curves, or hooks, 
as its letters. It is based on sounds, not 
upon the alphabet. Some stenographers 
can write about as fast as a person can talk. 
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COMMUNICATION 


Reading Unit 
No. 6 


THE ROMANCE OF PRINTER’S INK 


Note: For basic informat ion F or statistical and current facts, 

not found on this pa^C, considt consult the Richards Year Book 

the general Index, VoL 15. Index. 

Interesting Facts Explained 

The invention of printing, 10-48 The first hook printer! in the 
How tyi>e was first made, 10-4S- American colonies, 10 50 

50 How the process of jirintin^ was 

How the art of printing; spread speederl up, 10-58 

through Europe, 10-51-54 Setting type by hand, 10 58, 60 

The first book printed in English, Setting type by machine, 10 58, 

io~54 Oo 


Things to T. 

How do we print books for the 
blind? 

How are i>ictures and photo- 
graphs printed? 

Picture 

Where could people read the few 
books that existed in the da\s 
before the invention of the 
printing press? 10 47, 50 

How is a book assembled -and 
bound? 10-61, 63 

How are pictures prepared for 

Related 

What country used printing long 
before it was discovered in 
Europe? 5 326 

How is printer’s ink made? 9- 

307 

Who were the first to use paper? 
9-274 

Name some early substitutes for 
paper, 9-273.76 

Practical 

How is a photo-engraving, or 
“half tone,” made? 10—71 


\ink Ahf}ut 

W hy did rulers of the if>th, 17th, 
and i8th centuries try to stoj) 
the printing of books? 

How are colored pictures printed? 

Hunt 

printing? 10 65-71 
W'hat motlern inventions make it 
possible to produce books, mag- 
azines, and newspapers rapiflly 
and economically? ro 53, 55, 
57-59 

M aterial 

How is paper manufactured? 9- 
270-80 

W'hat is paper made of? 9 275, 
277,290,293 

How did writing start? 10 35, 
45 

What was the name of the first 
newspaper to be published? 
9-287 

A pplications 

How is newspaper tyi>e set? lo- 
58 


Summary Statement 

Although books are works of could hardly have either popular 
art, they are printed for our education or democracy, which 
everyday use. Without them we demands intelligent citizens. 
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This devout group has gathered in St Paul's cathedral were without Bibles, and church Bibles were chained 
m London to listen to a reading of the Bible Books to the walls, as this one is! And, of course, since there 
were rare treasures in those far-off days All homes were few books, few people had learned how to read. 

The ROMANCE of PRINTER’S INK 

For Many a Weary Thousand Years Every Word That Was Writ- 
ten Had to Be Put Down by Hand. Then, Finally — Why 
Did It Come So Late? Some Man Thought of 
Using Type, and So Made the World Over 


UPPOSE that In all the ^^orld there 
\Ncre no scrap of printed matter — no 
newspapers, no maga/ines, no books, 
except a few handwritten \oluraes (hained 
up in public buildings and the libraries of 
the ver\ rkh, no advertising cards m i cs 
or subways, no signboards, no printed direc- 
tions on medicine bottles and boxes of break- 
fast food, no little circulars sent through the 
mail to tell about the latest wa>s of planting 
crops or rearing babies, no mail-order cata- 
logues, no-“l)ut why go on? The woild as 
we know it has already melted away before 


oiii mind’s e\e, and w’c are trying to get our 
l}earings in another w^orld altogether. 

Tn that world a man wishing to buy a big 
coiiiiiiN house might pay for it with a single 
book if he 1. id one. When Louis XT, king 
of Fiance, wanted a certain book from the 
librarv' of the University of Paris, the learned 
doctors shook their heads mistrustfully and 
would not let the precious volume go, even 
to the King, until a costly silver goblet had 
been deposited in its stead. In the fourteenth 
century all Europe contained few’cr books 
than are in many a town library to-day. 
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Johann Gutenberg’s press was a very simple affair In the center is a page from one of 

compared with the great printing machines of to-day, Gutenberg’s first Bibles. Printing is 

but it was one of the marvels of the fifteenth century, an everyday affair to-day, but no modem book can 
and a great stride in the advancement of civilization. equal this ancient text in beauty. 


Tn that world, scarcely one person in five same way. Of course everything that was 
hundred could read or write. Why should so printed had to have its own especial blcKk. 
they learn, when they would never owm a Who was the first man in ICuropc to think 
hook? Those w^ho knew how' to read w’ere of making each letter in relief on a separate 
mostly in the service of the (hurch. Patient bit of metal, so that the lettei^ (oiild be ar- 
monks sat month after month making a ranged and rearranged at will -that is, who 
single copy of a single book. Often they thought of printing with movable type? Wc 
formed the letters wdth loving care and illumi- do not certainly know. Th(‘ Dutch claim 
nated the pages with scrolls and pictures and that it was Laurence C'oster, a Hollander, 
initial letters in lovely color. But it takes a and the French an<l the Italian'^ ha\e their 
long time to make a whole book by hand; candidates, too. But the man with the best 
and when you are through you have only claim is Johann Gulenber>ffg(>b't(5n-l)erg), of 
one copy after all. A certain great book of the German city of Main/- (mints), where he 
church law took tw'cnty-one months to co]n'; had been born into a well-to-do family some- 
at that rate it would take nearly two thou- where about the year 131^8. The earliest l)it 
sand years to make a thousand copies. A of printing we have from his press is dated 
big publishing house ran now^ turn out a 1454. So this, one of the greatest of all in- 
thousand books in less than an hour! ventions, came in the very midst of the period 

of mental excitement and upheaval which we 
Who Invented Printing? the Renaissance (rtm'S-soNs'). And it 

It is not at all certain just who invented was this invention w^hich was to make the 
printing, or when, or where. For centuries knowde^dge that the men of the Renaissance 
before the Euroj)eans thought of it, the Chi- loved .so much, available to all the people, 
nese had knowm how to print. The earlier 

method was to carve letters in relief on a "First Type Was Made 

w'ooden block, ink them over, and then tran.s- Gutenberg and his partners, Johann Fust 
fer them to paper by pressing the paper dow n (foost) and Peter Schoeffer (shfif'er), kept 
hard on the inked block. The Chinese even their exjHjrimcnts a deep secret. Gutenberg 
printed from movable type as early as the seems to have started by carving his types 
eleventh century. But both processes seem out of separate blocks of wood. It was prob- 
to have been invented all over again in ably Schoeffer who suggested that, instead, 
Europe. By the middle of the fourteenth each letter should be cut out of hard metal, 
century playing cards were being printed in This metal letter could then be used as a 
Europe from blocks, and crude picture books punch to make an impression in softer metal; 
“block books”— were being made in the tl:*c matrix (ma'lrlks), or mould, thus formed 
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Gutenberg must have used wooden blocks like these. After the blocks had been arranged m the proper 
although his letters did not have these modern shapes order, they must have been locked together like thm 
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The next step was to spread ink over the raised sur- 
faces Can you make out what the words will be^ 


The letters in their frame were then locked m the 
press and a sheet of paper was put underneath 






When the handle of the prese waa puUed down, the The happy ^ter coidd make any nmber of theae 
lettera were presaed acainet the paper. pac«*> tedioua copying by hand were over 1 
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could be filled with melted lead; and when 
the lead had hardened and cooled into the 
form of the letter, it could be taken out— a 
finished piece of movable tj’pe — ^and the 
matrix used again and again to mould more 
letters. So lead, one of the heaviest of 
metals, came to serve as wings for words 
and thoughts, and for the - 
spread of knowledge. 

It was Gutenberg’ 
great ambition to 
print as his first ^ 
whole book a 
copy of the Bible. 

This took a long 
time; for each 
letter had to be » 
carefully drawn ‘ 
and cut into a t" 
hard metal ' 
punch, the ’ 
moulds had to be 
made, the U'pe had 
to be cast and set and 
inked over, and each 

pagehadtobeprintcd The picture .becomes 

on a jiancl press verj' from a church in Florence 

like the fnr nil valuable books 

iiKe uic presses lor on chained, hke so 

or wine common in many prisoners, to a stall 

many households of 

the Middle Acres. *«««»• To the right is a 
.>**u«* au Jewish scholar reading a 

Jiut, at that, the proc- scroll on which are In- 

ess was speed itself 8"»bed in Hebrew letters 
, ^ , the ancient stones of his 

compared with the people. As fast as he 

work of the han.l 
copyists; for when roll, he winds 
Gutenberg— or who- Xer. 

ever did the work— That was the 
finally got through, he fo^ boSkl^™ 

had not one volume p ancient 
, times, 

but many to show for »*» »vai 

his pains. It must have looked like magic 
to the people of the day, for the printers did 
not tell anyone how they had done it, but 
tried to make every letter and illustration 
look as if it had been done by hand. As a 
matter of fact, Johann Fust himself, some- 
what later in Paris, did actually have to give 
up his secret to satisfy the church authorities 
that he had not been dealing with the 
devil. 

Those first Bibles of Gutenberg’s are 


among the most precious things in the world 
to-day. They first appeared in 1456, and 
only a few of them still exist, the three fibest 
being in the British Museum, the Biblio- 
theque Nationale, or ‘‘national library,” of 
France, and the Congressional Library at 
Washington. The last of these was discov- 
ered not many years ago in an old monas- 
tery far up in the Alps and sold to the 
United States government by Dr. 
Otto Volbchr, the discoverer. When 
he brought it from Austria, he had 
i it locked in the diplo- 

A malic pouch of 

the Dei>art- 
ment of State 
in order 
to be 
sure that 
nothing 
would 
happen 
to it on 






the UcU 
()\cr It 
is said to 
be worth 
a million 
dollars. 
Yet Guten- 
berg lost his 
share in the 

printing business and died a pensioner of the 
Archbishop of Main/. 

When >ou go to Washington, be sure to 
visit the second floor of the Congressional 
Library and look at the Gutenberg Bible in 
its glass case. It is opened so that you can 
see that it is printed on mellow old parch- 
ment that has stood the wear of the centuries. 
The printing is even and clear, but you would 
Jiave a hard time reading it. For even if you 
can read Latin, the language in which it is 





This painting shows you the workshop ot Bernardo and the first man to set up a printing press and make 
Cennim, a master goldsmith of fifteenth century Italy metal type m Florence 

piinlcd llu antique Gothic letters pitteiiicel prinltel letters, such as those in this book 
ifter the han<l lettering of the monks look \ou aie now reaelmg There, too, at the 
intricate and strange lJut the hind drawn cleisc of the iifteenth eentur\ and the opening 
anel illuminated initi il lettcis, the scroll bor- of the sixteenth, \ldus M inutius (ma nu'- 
ders, and the little i)icturcs, all done in clear shT-u^ ^pre id learning among the people b\ 
and exquisite eole>r, like jewels in a setting pnntinj nexiiensixe editions of the classics 
of gold, make the page a jo^ to look at at his lanious \lilinc Press \ldus also de- 
And as \ou gi/e at it, nou must not forget \ise<^ the sort of t\i)c we call "‘italic,’' which 
tint >ou aic looking at one of the most im- is written liki tlii\ 

portant landmaiks in the historv of minkind And it was in It ih in those daxs that the 

xoung Christopher Columbus poreel oxer the 
The Spread of the Art of Printing ucount of Mirco Polo’:, mar\ clous 

A few \cars after Oulenberg s death there .i<f\cnlurti> in the h ist and the printed book, 
was «in uphta\dl in Mini/ the priss was of i sen nlist who pro\cd tint the world was 
wrecked, and (he prmtcis lied irom the ciU loun I It \ou c\er go to St\ille, in Sjvain, 
Whcrcccr they went thc\ spread the new ^ou mu gc* v barefoot Spanish priest to 
art of printing It had alreade been Ca' icd show \ou tin sc books, with the name “C 
into lUly by two Germans named Swt>n- Colon, which is another form for “Christo- 
hc>m and Pannart/, and a famous center of pher Columbus ” written m them If print- 
the art grew up at Venice I here Nicholas ing hid not been imented, would the famous 
Jensen, by birth a Prcnchman, imentcd the admit il, or an> other adeenturer, ha\e 
Roman t>pe m “lower case”— that is in dieamed so greatly of a \o\age to Cathay? 
small letters rather than capitals— which is 1 he art of printing was brought to England 
still the basis of the designs for most modern by William Ca\ton, who was born in Kent 

St 



tn 1476 WillUm Cazton set up a printing press at bouses may have looked like. In the painting the 
Westminster. The artist of the lecture above has tried “father of English pnntmg” is showing a pnnted page 
to show what this most ancient of English publishing to Kmg Edward IV and his queen. 

in 1422. Strange as it was for an ordinary of Edward IV of England, who had married 
person in those days, Caxton had a good the Duke of Burgundy and so was living in 
education; even when he was an old man he the Netherlands. Now Caxton was a fine 
still prayed for the souls of his parents, in penman and knew several languages; so, to 
gratitude for it. At fifty or thereabout Cax- give the princess pleasure and also to keep 
ton fotmd himself in the service of the sister himself from idleness, which he called the 
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The linotype and its relative, the intertype, are fasa- to make each hne the same length When a Une is 

natmg machines When the operator pushes down complete, a touch of the finger will send the Ime to 

the keys (3), matnces, held in the **magazines” (i)» the mould chamber (6). The result is the *'lme-o’- 

travel down the slides (2) to the assembly rack (4). type’* shown below Then the machine sends the matn- 

Thm stnps of steel (5) drop down between the words ces see one in the oval back to the magazines 



The language of the pnnter is short and to the point, mg hquid nietal against the face of the “mats,” or 

These “slugs,” or “line-o’-types,” arc made by shoot- matnces, and fiJlmg a mould to form the “body.” 
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“mother and nourishcr of vices,” he started 
translating from French into English a book 
of romantic tales called “The Histories of 
Troy.” It turned out to be a tiresome job, 
for, as he himself said, “his pen was w'orn, 
his hand wery and not sledfast, and his eyes 
dimmed with overmuch looking on the white 
paper.” 

So, being a clever and 
wide-awake man, he be- 
thought him of the strange 
new bookmaking trade of 
some of his acquaintances 
at Bruges. He decided to 
have his book printed. 

And “The Histories of 
Troy,” the first book ever 
printed in English, aj)- 
peared in Bruges, about 
the year 1474. 

Not long afterward, 

Caxton set up a press of his 
own in London, with a 
printer from Main/ to help 
him. There was no secret 
about the art of printing 
any more. Caxton sent 
out printed handbills say- 
ing that at the Red Pale on 
the premises of West- 
minster Abbey he W'ould 
print and sell books “good 
cheape.” And the books 
that came off this first 
printing press in England 
were nearly all of them in 
English. Caxton did not 
specialize in religious books 
after the medieval manner, 
but rather he loved ro- 
mantic tales and legends, 
and l)ooks about haw'king 
and games, such as delighted the lords and 
ladies of the court of his friend. King Edward 
IV. He printed the works of the first great 
English poet, Goeffrey Chaucer. He printed 
the “Morte d’Arthur,” Sir Thomas Malory^s 
great book of legends about the Knights of 
,he Round Table. 

But a great many of the books which Cax- 
ton wanted to print were in Latin or French. 
So he set to work to translate them himself, 


as well as to write prefaces to most of those 
that were written or translated by other 
people. In this way Caxton barame not 
only a printer and imblisher, but a rather 
important author, too. He did a great service 
to the English language, which at that time 
was going through a period of ra[)id change, 
and more than that, was so 
broken up into different 
dialects that a man from 
Devon, for e\ami)le, could 
scarcely understand the 
speech of a man from Lan- 
cashire. In his editing and 
his translating, Caxton 
picked out what seemed to 
him the l)est forms and 
phrases, and helped greatly 
to steady and standardize 
the language For this he 
has been called “not only 
the father of Englisl] j)rinl- 
ing but the father of 
printed English.” One of 
the changes which printing 
has brought to the world, 
as a matter of fact, is this 
very stead) ing of a lan- 
guage f* languages change 
more slowly and sj)lit into 
fewer dialects when they 
arc ahvays being recorded 
in j)rint and passed around 
among the people. 

Another thing whkh 
printing has done is to 
make it possible for ordi- 
nary i)eople to express their 
ideas and spread them 
about, and to learn of the 
ideas of other people. 
Without printing, wc 
could hardly have either popular education 
or democracy. Now for this very reason, 
during the sixteenth and seventeenth cen- 
turies the men in high places distrusted 
printing; they did not want ideas to get 
about among the people. In 1660, for 
example, a royal governor of Virginia wrote 
King Charles II that there were, thank 
God, neither printing presses nor free schools 
in Virginia; he hoped there would be none 
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Phuto ljy Hritwh Muofiim 

Can you read this beautiful page that tells 
of the creation? It is a page from the first 
of seven **Great Bibles” made at the com- 
mand of Henry VIII between 1539 1541 

for use in the newly-founded Church of 
England. The printing of this book was 
done mainly at Paris, but it was finished 
in England in 1539 by R. Grafton. This 
was the first English Bible that was offi- 
cially authorized. And even then the mass 
of the people were not to have the privilege 
of reading it for long, for in 1543 par- 
liament passed a law that ”no woman 
(unless she be a noble or gentlewoman), 
no artificers, apprentices, journeymen, 
servingmen, under the degree of yoemen 
• . . husbandmen or labourers” should 
read the sacred book. To violate this law 
brought fines and imprisonment. 
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I A. From this glorified type- 
writer keyboard, comes a 
perforated paper ribbon- 
like the kind used in ^ 
a **player piano'* S 
thaf directs the type- 
casting machinery in 
the- monotype 
**caster.” 




• 1 i s*'.' rrl «- i i. 

< '/'y- , 

^ a a.y 

• >5 ^'h * i 'J i 




C. With a 
clatter like 
that of a dozen 
machine guns this 
complicated, fast-moving ma- 
chinery, controlled by the per- 
forated paper ribbon (i), pro- 
duces in orderly array line 
after line of separate type 
pieces — all neatly arranged 
for die printer. B. These are 
the matrices— held in a matrix 
**case" — that shape the tops, 
or printing surfaces, of Uie 
monotype types. 
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C. Molten metal (2) must be 
forced against the face of the 
. matrices in the matrix “case” (4) 
through a mould (3). The type 
i thus formed is then quickly cooled and 
! pushed out. At D is a “close-up” of 
the mould which forms the “body,” or 
lower part, of the type. It is through this 
’ that the molten metal is forced against the 
matrices. At z is the hole in which the type 
is formed. A piece of type has been left in 
the mould to show you how it is cast. At E 
the printer is “making up” a book page of 
monotype to be used in the very book you 
are reading! In monotype each piece of type 
is separate, and so the words and letters c:*-/* 
be broken up to fit around an illustration, 01 
“cut,” of any shape. At £ a type page with 
illustration is being assembled. No. 1 is the 
engraving of an illustration; at 2 is the mono- 
type type set around it; and at 3 is the cap- 
tion — set in smaller type — that tells all about 
the picture, You are reading a bit of caption 
type at this very instant 1 






- 
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Pbutu Cosiynsht by IrAukhs Prinliuc C t 


Benjamin Franklin is famous for a great many tiungs — journalism. In the picture above, you see him bring- 
one of them is his pnnting house. Here m 1729 he mg m a load of paper on a wheelbarrow. He was 
brought out the “Pennsylvama Gazette,” which was such an able, energetic fellow that he seems to have 
soon noted both for its supenor pnnting and its sound found time to do his own trucking I 


for at least three hundred >ears, since learn- 
ing, \\hich the printing press was scattering 
evcr>'where, had brought only heresy and 
rebellion. 

When Printing Was a Crime 

The result of this sort of argument was 
that the authorities started censoring the 
press, telling it just what it could say and 
w'hat it could not say. Heavy (axes were 
laid on printed matter. Daring printers were 
imprisoned, and obnoxious books were burned 
by the public hangman. Printing was more 
or less “driven underground,’* as we say; 
that is, presses often had to be worked in 
secret, and much of the printed matter had 
to be “bootlegged” to the people. Conse- 
quently, printing ceased to I>e an arF, as it 
had b^n at first. Through these centuries, 


and on through the eighteenth and much of 
the nineteenth, the quality of printing de- 
generated 

At the same time, the quantity of printed 
matter was continually increasing, and the 
knowledge of printing was spreading all over 
the world. The first printing press in tht 
New World was set up in Mexico about 1539 
Almost exactly a hundred years later (1638) 
“The Freeman’s Oath” w^as set up in pi ml 
in Cambridge, Massachusetts, on the first 
printing press in what is now the United 
States. Two years later the first book printed 
in the English colonics, “The Bay Psalm 
Book,” came from the same press. This 
press, owned by Harvard University, has 
been printing good books ever since By 
1800 there were more than a hundred printing 
establishments in Philadelphia alone. 





D Then the "case” 

IS coated with a fine 
film of black lead to 
serve as a conductor 
A fine copper film is 
then precipitated on 
the mould by copper 
sulphate and iron fii> 
mgs £ The sensi- 
tized mould IS hung in 
an electrolytic "bat- 
tery” in which pieces 
of copper are suspend- 
ed An electnc current 
causes copper to de- 
posit on the "case” 
(cathode) from the 
copper anodes, fomung 
a copper shell The 
pnnting surface is face 


F The shell is amoved from 
the mould, tnximed, and , 
strengthened on the reverse | 
side by hot metal ladled out V 
of a vat G A few finishing \ 
touches “Such as shaving the 
plate down till it is very thin 
and it IS ready for the printing 
press 

down in the wax 



I hotoa by Kingup* rt 1 r«M Iti 


57 




THE STORY OF PRINTING 


All this time, up to the beginning of the 
nineteenth century, the presses hail been run 
by hand. Not until the end of the eighteenth 
century had there even been much change 
in the working of the hand presses; they were 
made of wood, and oj^erated by being screwed 
down on the tv'pe. Then an iron press was 
devised by printers working separately in 
Philadelphia and London. 

Later inventors gave up the j ^ 

screw principle altogether and ^ 

worked out a system of levers ^ I 

to get the neccssiiry pressure. 1 1 

But even before this had U 

been done, the first power-driven j|fl 

press had been con- 
structed (iSii) in Ger- 
many. Next, the process 
of printing was speeded*^ 
up still more 
when inventors 
l)cgan to set the 
t>pe into revolv- 
ing cylinders, 
and to fasten the 
to other 

be 

pressed against 
the inked t>i)e- 

the 

process re- 

volving. After m 

that the number photo b> Merscuthaler Ltnut>Da Co. 

of impressions which could be taken from a 
page of tyi^e rose steadily and rapidly. Not 
more than about 275 an hour could be taken 


in the process of printing is setting up the 
t>pe. Innumerable little bits of metal with 
different symbols on them have to be ar- 
ranged in the proper order, each line the same 
length, the faces of all the t^'jK? at the same 
level, every word spelled right, and every 
sentence properly punctuated. Until about 

1820 all this 

iMjlgiillllllHBIlH^^^ to be 

o b y 
hand, 

with the 

I 

^ end of the bar. All 

This is ♦he linotype ms- these t vpes are 
chine, used largely for . , ’ , 

setting the type from sorted out or 

which the stereotyped ^‘laid’^ into the 
plates that are used in 

printing newspapers are various COmpart- 

made. When operated .^p^ts of what is 
like a typewriter, it turns 01 w nai is 

out metal castings for called the case, ’ 
each line of the type. W<)t)dcn 


by a hand press. By 1846 as many as 20,- 
000 impressions an hour had been made by 
the bigger machines. 

All through the nineteenth century and 
thus far in the twentieth, printing presses 
have been getting bigger and bigger, faster 
and faster, more and more complicated. 
To-day a newspaper press machine may turn 
out as many as 300,000 impressions an hour, 
more than a thousand times as many as the 
old hand press could make. But for a picture 
of a great modern newspaper plant and of 
the presses in it, you must turn to our article 
on the newspaper. 

One of the longest and most ticklish jobs 


tray divided into numerous little boxes, each 
one of which contains the tyiK* of a .single 
letter or symbol. The arrangement is not 
alphabetical. The letters most often used 
are grouped where they will be easiest to 
reach; and all the capitals go into one tray, 
called the “upper case,*’ while all the small 
letters go into another, called the “lower 
case.” You may see from these names that 
the small letters are nearer the tyi^escttcr’s 
hand than the capitals, which are in the case 
above. 

Now it is the task of the lyp)esettcr, or 
“compositor,” to pick up these tiny bits of 
metal as swiftly and accurately as may be 
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1 ) t I % K iCNr rt 1 It 

Here the pressman IS **laying” plates on the press **base the plates are all in place, ink rollers, which you can 
These plates, each of which represents a page, are see in the picture, will spread ink evenly over the 
held firmly by little **catches’* on all four sides. When printing surfaces. 



Photo by Kingnport 1 rint 1 ic 

This IB A modem “two color press ” This amazing 

machine prints at one time two colors on one side 

of a sheet large enough to carry as many 

356 pacei. It can pnnt 1,750 •hjot* m “ “ 

you multiply that by the number of pages on a sheet- 

on both Bides of the sheet, of 

that it would not take long to pnnt a booki At x is 


the **feeder“ which, as you can probably guess, “feeds’* 
the paper to this voracious pnnting press. At a the 
pnnbng cylinder picks up the sheet of paper. The 
pnnting takes place at 3 and 4. At 5 d clever bit of 
methamsm takes possession of each pnnted sheet and 
passes it on to 6, where it is neatly placed on the rapidly 
accumuUtuig pile of printed pages. 
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and stand them on end, ‘‘face” up, in the 
right order to spell out words — setting little 
metal strips called ‘‘spaces’’ between the 
words. It may not sound very hard, but it 
is really skillful work. Everything must be 
set up backward, as if you were seeing it in 
a looking-glass, and the compositor must 
know his “case” so well that his hand travels 
of its own accord to the little bo\ that con- 
tains the letter he wants; for if it does not 
do so, he will be making so many mistakes 
and taking so long that he will soon have to 
hunt for other employment. 

To hold the type that he is 
“setting up” he has a kind 
of narrow metal tray called i 

a “compositor’s stick.” 

This can be adjusted for 
lines of different widths, 
and will hold the type 
firmly in place. When 
the stick is full, he re 
moves the tjpe to 
a long shallow trav 
called a “galley.” 

From the galley a I 
“proof,” or impres- || 
sion, is printed, or \ 

“pulled,” as the \ , 
saving is, and on 
this proof all mis- 
takes are marked by 
a reader. The composi- 



moulds and the molten metal are ready for 
it. In a very complicated way, the perforated 
strip of paper controls this mechanism so as 
to bring the right mould, or “matrix” (ma'- 
trtks), into position at the right time, fill it 
with metal, and so cast the proper type, 
which is automatically removed to the galley. 
The type for the book you are now reading 
was cast and set in a m()not>pe machine. 

With all these meclianical aids, along with 
all the improvements in the making of paper, 
the business of jirinting moved at a rapid pace. 
It is no wonder that we arc flooded 
with printed matter in 
thesedays. Instead 
of one person in 
five hundred know- 
ing how to read, we 
think it a shame if 
any adult or half- 
grown child does 
not know how. ^\e 
cannot sit for fif 
teen minutes in a 
•h'n ‘rol- 

Kmic<l>ort Pre-w. lac j eVCn 

The picture to the left strap 

shows you how type- that long —without 
setting is done by i 

hand. The types for our noses 

each letter are kept buried in news- 
in a box of their own. . . , 

Thetypesetterhastopick IMjiers. If all else 
outthe type he wants and real! the 

set each little bit of 

metal in its proper place advertisements 


J 


tor corrects thpsp mistakes **compositor*8 stick.^* must work <)uickly ihi'n#/ iVio will 

lor corrects inese misiakcs, aewrately. Above is an enlarged view of wall, no 

and the t\pe is then made thetypeused. A notch on the side of each piece helps matter how tire- 

up into pages, ready ior the printer to set it m the stick in its proper position, some and silly they 


further correction, perhaps, or for printing. 

Of course in larger establishments the tyjK; 
is usually set by machine. One of these, the 
linotype, you will find described in our ac- 
count of the printing of a modern newspaper. 
The other is called a monotype, because it 
casts every letter or symbol separately — the 
“mono” meaning “one.” It is really two 
machines, a keyboard and a type caster. 
The operator, sitting at the keyboard, strikes 
the proper keys, and in doing so punches 
little holes in a moving ribbon of paper. 
Each combination of holes means a certain 
letter or other symbol. When he has punched 
a whole spool with these little holes, the spool 
is put on the casting machine, where the 


may be. Sometimes, in moments of exaspera- 
tion, we could almost wish that (iutenberg 
had never had his greaf idea! 

How the Blind May Read 

But, of course, wc would not think of giv- 
ing up the vast benefits of knowledge and 
entertainment which printing has brought 
us. It is heartening to think that nowadays 
even the blind can be taught to read. For 
various systems of printing in relief— that is, 
with symbols raised from the page so that 
they can be felt with the fingers — have been 
worked out. The most widespread of these 
systems is Braille (brSl), which uses a system 
of dots, arranged in an oblong, to represent 


to 
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Have you ever 
stopped to won- 
der how books 
are bound? The ( 
* huge sheets that > 
ij come from the 
printing press, 
with many pages 
printed on both j 
sides, must be J 
folded and sep- 
arated into sec- 
tions, or ‘‘sig- 
natures,** of 8, 
i6, 32, or 64 
pages each. 
Signatures 
are shown at 
B and C ^ 


A. This is the machine that sep- 
arates the pages. Folding ma- 
chines take the printed sheets, 
feed (i) them, one at a time, 
through rollers (2 and 2) and 
cutters that separate each sheet 
into slg n^^ires, iivhich are de- 
livered, neatly folded, to tioughs 


pnifvini 

rwtm. ^ iwm 


G. A “smasher” that 
squeezes books to an even 
thickness. H. This guillo- 
tine trims pages 


D Pasting in pictures 
that must appear inside 
the signatures. E Ma- 
chine that assembles 
the signatures. When 
It makes a mistake, it 
stops and raises a metal 
hand! 




u 
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F. An automatic sewing machine 
that sews the signatures together. 


'5|l 


riiuuts by KuiSNiMii t 1 r«M Ino. 


61 


THE STORY OF PRINTING 



PhotcM lo American l<oiin Intic n fur thf* Blin 1 


Clever, sensitive fingers passing over tiny mounds on 
a sheet of paper crn read as rapidly as anyone could 
wish. Above, you see the hands of a blind person 
who is reading a sheet of Braille. This sheet was 
typed out on a Braille typewriter. As you can see 
below, the words tire translated mto a code, a certain 
arrangement of dots raised above the surface of the 


per stands for a letter. This marvelous invention 
s opened up our world to the blind. Instead of 
being shut off in a dark realm of their own, dependent 
upon their friends who can see, they can now read 
and wnte and do a great many useful things. For 
this we must thank Louis Braille (1809-1852), the 
blind French organist who invented the system. 
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all the letters and marks of punctuation ami 
even the notes of music Since World War 
I a great deal of progress has been made in 
teaching the blind to read. 

Of course the printing process is used for 
many other purposes besides for the repro- 
duction of reading matter. The fine line 
engravings, etchings, mezzotints, and wood- 
cuts with which our books and walls arc 
adorned are all “prints.” The first of these 
IS now pretty much out of style, though 
in the last century a line “steel engrav- 
ing” was highly prized, and many of them 
had a great deal of beauty. They were 
printed from copper, or sometimes steel, 
plates on which the picture had been scraped, 
or rather dug out, in fine lines with a sharp 


metal instrument called a burin (l)u'rin). 
The engraver pushed the burin’s triangular 
point forward as he worked, and so turned 
up a tiny shaving of metal When the design 
was finished, the plate was covered with ink 
— not of the kind we know best, but of a 
much dryer kind which will not run. This 
w^as wiped away, except for what remained 
in the gnxivcs that the burin had made 
Then a sheet of damp paper was laid against 
the plate and pressed down hard, and when 
it was pulled away it brought the ink away 
too. In this way all the fine lines on the 
plate were transferred to the paper. 

Men had for centuries been engraving 
beautiful designs on gold and silver before 
anyone had tJie notion of filling those lines 
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F. A glimp ^ of the huge machine 
that spreads **flezible*’ glue on the 
backs of books and adds muslin 
backs and decorative head bands, 
f Combimng books and covers A 
book goes through a machine which 
coats it with paste, it is slipped into 
a cover by machmery, and is dried 
in presses for severiU hours. 
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It was in 17x4 that the first patent for a typewriting 
machine was issued, by Queen Anne, to an Englishman 
named Henery Mill; but we know nothing about his 
machine. In 1829 William Austin Burt of Detroit 
patented a machine like the one shown above. It 
carried the type, not on individual bars, but on a curved 
band of metal that was a segment of a circle. 1 hough 
people in many countries were working on the invention, 
it was not till x868 that C. Latham Sholes and Carlos 
Glidden, both of Milwaukee, patented a machine which 
was developed into the world's first practical typewriter. 
In 1874 £• Remington and Sons put the first type- 
writers on the market. In them the type was carried 
on individual bars, and a foot tread operated the 
carriage return. The arrangement of the letters on 
the keyboard was almost eaactly as it is to-day on 
what is known as the ‘^universal keyboard” used on 
machines of all makes. But those first machines could 
write only capital letters. 

As time went by, typewriters were greatly improved. 
We take the typewriter for granted, and do not realize 
that it was one of the most important inventions of 
the last century. Modem business could hardly be 
carried on without it; the need for people trained to 

with ink and printing from them; and it was 
not till the sixteenth century that the art 
came into its own. Albert Diircr (dii'rer), a 
German, was undoubtedly the greatest line 
engraver who ever lived. To-day, visiting 
cards and such things as wedding invitations 
are still engraved in this way; and if you rub 
your finger over their surface you can feel 
the raised outline of the ink which has been 
pulled out of the grooves on the plate. 

What Is an Etching? 

An etching, too, is printed on damp paper 
from a copper plate, in the same way as a 
line engraving. But an etched plate has 
never felt the bite of an instrument, except 
on rare occasions when the artist makes a 
few of his lines deeper and stronger with the 
point of a needle. All the lines on an etched 
plate have been eaten out with acid. First, 
the surface of the copper is covered with a 
thin coat of wax. In this wax the design is 


use It opened up the vast new field of businesj educa- 
tion; and probably most important of aU its intro- 
duction into ofiSces threw open the doors of the business 
world to women. A number of other inventidns 
depend upon it for instance accounting machines 
and the teletype, a device by which a typist at a type- 
writer in one office can tap out a message that goes 
by wire or radio to be registered on paper in another 
office hundreds of miles away. 



Eventually, when more and more typists came to use 
the “touch system” that is. to type without watching 
the keyboard the machines with a shift key came 
into umversal use. On these machines one key on 
the keyboard will write both capitals and small letters. 
A “shift key” merely shifts the cylinder that carries 
the paper. Later, machines were devised which allow 
you to see what you are writing. And portable machines 
were built — so light and compact that you can carry 
them about. The latest invention is the noiseless 
typewriter, in which the type bar presses, instead 
of striking, the type against the paper. 

drawn with a needle, deeply enough to cut 
quite through the w'ax to the plate below. 
Then strong acid is applied and allowed to 
eat the surface of the plate wherever the 
wax has been scraped away. For very deej), 
dark lines the acid is allowed to remain on 
the i)late longer than for the lighter lines. 
When the acid and wax are removed, the 
plate is ready for printing. 

Sometimes, though not often, a design is 
scratched directly on the copiier plate with 
a needle. A plate of this kind is known as 
a “dry point.'' 

The World’s Greatest Etcher 

Our oldest known etching was made in 
Germany and is dated 1504. The gifted 
Durer tried his hand at the new art; but 
probably the greatest etcher who ever lived 
was the seventeenth century Flemish painter 
Rembrandt (rfim'brant). Many other etchers 
have been famous. Sir Seymour Haden, 



THE STORY OF PRINTING 


It 



Thi!» page show you ho\% a **four color" print The printer uses four plates* one for each color In 
IS made The four colors, m the order in which they making a plate he must know exactly where the van- 

are used, are yellow, red, black, and blue But those ous shades of a color go and how much space they 

four colors give many shades and tones cover. 



First he puts on the yellow then the red. The 
tones of one overlapping dark tones of the other, 
produce orange Black outlines the picture and blue 
completes it 




w 
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The plates must be carefully measured and adjusted; 
otherwise, instead of this clear picture you would 
see blurred edges and misplaced outlines with over- 
lapping colors. 
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stone — or often nowadays from a zinc or Senefe 
aluminum plate or some other suitable sub- early r 
stance. This priKess for printing is called espech 
“lithography"’ (ll-th5g'ra-fl), and a print so died ( 
made, a ''lithograph” (llth'6-graf)— the word were n 
means “stone wTiting.” On a sm<x)th, fine- have I 
grained block of stone the artist draws his We 
design with an cs- amazii 

pecially prepared . Here .re th, 

greasy ink or . the process t 

crayon made SS’uuSd" 

of wax, soap ; 

oil, and on 

The 

may also be 
transferred 
to the stone by 
the use of an 

daily prepared paper. A . 

preparation of acid and gum * 

arabic is then w'ashed 

the stone, its purpose being ' 

to destroy every atom of 

grease on the stone except 

that which is contained in V® 

. , , etched with a mild acid 

the crayon, where the grease solution of nitric acid g| 

is protected by the wax. Sl?cSron^“|«tec*t " 

This process of destroying parts of the stone from 
the extra grease is called 

“etching” — but it is very moistened with water, which 
different from genuine etch- stone tluit was acted upon 


r Senefelder (z6n'6-fSld'fir) ; and during the 
I- early nineteenth century it was used widely, 
:l especially for illustrations. Then it almost 

0 died out, for photographic reproductions 

1 were much cheaper. Of late, however, artists 
- have begun to make beautiful lithographs. 

s We have not space to describe the many 
amazing and skillful processes that have 

Here are three stops in worked out by the 

the process of Uthogra- T)rinters- such, for instance, 
phy, which you will find ... , i r . 

explained on these as printing in color. In fact, 

pages. To the left ^e since the latter part of the 
artist IS drawing the . , . i 

design on stone with a nineteenth century there has 

grease crayon. Keen finite revival tjf nrint- 


been fpiite a revival of print- 
ing as an art. William 
AI orris, \\ith his famous 
Kelmscolt Press in Kngland, 
had a good fleal to flo with 
it, as he had to do with the 
new interest in beautiful 
furniture and other 
beautiful things; 
^ / ^ ^ and the great 

much less in- 

-.r 

. With the j)ress 

In* the authorities 


ing, in which a portion of by the acid, but will not elmg to the greasy than there used to be. Of 
° , , . , , crayon design. In the center picture, the , . r , 

the plate is actually eaten stone is being inked with a greasy ink. course a large part of the 

down iiirrodihlf* imcuint of nrint- 

^ , wet parts of the stone will repel the ink, amount oi print 

Now you must often have which will therefore stick only to the ing that is done now is 

noticed that water and greasw done hurriedly, as cheaply 

repel each other. It is this the stone in crayon will appear in ink on as po.ssible, with the idea 

fact that makes lithography the p-per,.. shown ia the circto.tth. right. ^ 


possible. When the stone has been moist- 
ened, a thick greasy ink is applied with a 
roller. The ink will not stick to the wet 
parts of the stone, but will cling nicely to 
the greasy crayon with which the design was 
drawn. So when a piece of pajjcr is laid 
against the stone, the design is printed neatly 
upon it by the ink that clings to the crayon. 

The Marvels of Modem Printing 

Lithography was invented in 1798 by a 
Bavarian actor and dramati.st named Alois 


skimmed through and then thrown out or 
used to line the pantry shelves. But at the 
same time, an ordinary lx)ok is immensely 
better printed than it would have been a 
century or two centuries ago. And certain 
fine editions are being produced here and 
there that remind one of the brave days of 
the Renaissance, when printing was still a 
rare thing, and an art. 

So when you pick up a book, try to remem- 
ber that it is a work of art as well as a thin«r 
for use. 
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Have you any idea of the great 
number of things that have to 
happen before a photograph 
can be reproduced in a book 
this book, for mstance? This 
page and the pages following 
will show you the steps in the 
mocess of **photo-engraving ” 
Fig 1 Plam glass, washed 
chemically clean, is flowed 
with an albumen solution 
Then it is dried, coated with 
an iodized collodion, and put 
in a sdver mtrate bath, which 
makes the plate sensitive to 


M 




n 





J 


Fig 3 The image to be repro- 
duced IS illuminated by arc 
lamps and focused to the cor- 
rect size on a large ground 
glass The glass is then re- 
moved and a sensitized plate 
is placed in the camera and 
exposed 


Fig 2 A glass ‘‘screen,’* on 
which are about 120 hori- 
zontal and vertical lines per 
inch, IS placed in the back of 
the camera The sensitized 
plate will be placed just back 
of this screen 


T 


The coating of rubber and collo- 
dion was put on bo that the film 
could be removed from the glass 
After coating, the negative is cut 
to the desired length (Fig 6) 
and soaked in 
an acid solu- 
tion which 
loosens the 
albumen 
under the 


Fig 4 The negative is developed and 
correctiox s made in a dark room Fig 5 
After It has dried, the negative is coated 
with rubber and collodion 





Fig 7 The film is then 
lifted easily from the glass 
and is grouped with other 
films on plate glass of a 
standard size. 
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Fig. 9. A piece of copper or 
zinc IS cut to size, thoroughly 
cleansed with water, and 
coated with a solution of albu- 
men and ammonium bichro- 
mate. This sensitizes the metal 
to li^t. 


10 

Fig 10. The nega- 
tives are then laid 
face down in direct contact 
with the sensitized metal and 
exposed to strong light for 
several minutes. This prmts 
the object directly on the 
metal. 



1^ 


Fig xz. The print 18 then 
carefully tested for 
broken places and these 
are retouched with an 
acid-resisting ink 




us 



Fig 11 The print is then washed 
with water, dned, and carbomzed 
with heat. This carbonization 
makes parts of the pnnt resistant 
to acid when it is placed in an 
etching bath. 


. \ 
j 


Fig. 14- The 
pnnt IS next 
placed in an 
etching bath, 
which leives 
a surface of 
raised dots 
and lines. 
^ Iron chlonde 
is used for 
V etching 



Fig. 15. After an initial etch, 
the copper plate is then filled 
with chalk and carefully re- 
touched with *'staging ink” to 
bring out certain details more 
clearly. 



copper. 

Fig. 13. The scum which was « 

picked up in the process of ^ 

pnnting is removed with a w 

permanganate solution before 
etchmg. 


11 

Fig. 17. The 




Fig. z 6 . The 
plate 18 then 
given a second 
etch and la 
cleansed with 
a benzol so- 




chalked plate 
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Fig. 10. Engrav- 
ings are nailed — 
either by machine 
or by hand - to 
especially pre- 
pared wood. 


18 

Fig. i8. This machine, called a routei, is 
used for cutting away all unwanted metal 
and for deepening line en'^ravings. It makes 
13,500 revolutions a minute and uses a 
small steel bit to cut with. 


f 



Fig. 21. The 
wood block 
mue^ be care- 
fully squaied 
and trimmed 
to size so that 
it will fit into a 
given space. 


# 




Fig. 20. The copper plate is 
sawed up to separate the dif- 
ferent engravings on it. 

Fig. 22. After being **squared 
up,” the bottom of the wood 
block is planed until it is exactly 
as high as the types are. 












\ ?2 



Fig. 24. The unwanted metal is 
then cut away with the routing ma- 
chine and the rough edges are trim- 
med with an engraving tool. 


■0 


Fig. 25. Special white lines to 
separate the individual pictures 
are cut with a draw tool. 





Fig. 23. All of the un- 
wanted surface is outlined 
by hand with a graving 
tool. 


Fig. 36. The high lights 
are re-engraved and all 
special tooling is done by 
hand. 
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Fig 27. All spots and 
defects are removed 
and the screen 
matched dot for dot> 
for, of course, no pic- 
ture would look well 
if part of It were 
missing or a tnfle 
askew 1 


9 


Fig 28. The finished engrav- 
ing is washed with an acid 
solution to remove all mag- 
nesia and every grease spot. 






Even after all the careful vtork 
that has gone into the making of 
our **half-tone plates,** the finish- 
ing department has found itself 
with plenty to do. Defects and 
spots must be removed and plates 
must be re-engraved so that they 
will be clear and precise On this 
page are some of the final steps. 


Fig 29. Paper overlays 
are cut to fit engravings 
that have been outlined 
and Vignetted This 
gives better proofs. 


V. 


% 



Fig 30. Inks are mixed 
to the required color or 
shade and then rolled 
out thin with a composi- 
tion roller 



Fig 31 Color plates are 
registered by a square 
form with very minute 
adjustments This de- 
vice fixes the positions 
of both the engraving 
and proofing paper. 


Fig )2 The engra\ing is then inked and 
proofed on the grade of paper suitable for 
It This IS done by placing it under enough 
pressure to transfer the ink to the paper 
A hand press is commonly used. 


\ 


Fig 34 The finished en- 
graving IS given a good 
washing in gasoline to re- 
move all ink 


Fig. 33. The proof is then 
compared with the original 
copy to find out whether it 
IS accurate in every detail. 




# 
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A. Photo-en graving made from 
a screen of 175 lines per inch. 


B. Photo-engraving made ftom 
a screen of 150 lines per inch. 


C. Photo-engraving made from 
a screen of 133 lines per inch. 




D. Photo-engraving made from 
a screen of 120 lines per inch. 


In order to make a photo-engraving, 01 
‘‘half-tone,** the photograph to be re- 
produced must first be photographed 
through a screen, which may be coarse 
or fine. A screen is made of two 
sheets of glass ruled diagonally with 
opaque lines and cemented together 
with the lines at right angles. The 
“screen negative** shows the lines of the 
screen and, in between them, as much 
of the original photograph as could af- 
fect the negative through the tiny open 
squares of the screen. Light passing 
through this negative and falling on a 
sensitized metai plate, reproduces the 
picture and screen. The plate is then 
eaten away with acid, leaving a rough- 
ened printing surface of dots and lines, 
such as you see at H. These are really 
what is left of the lines on the sensitized 
plate. Those lines, when the plate was 
exposed to the light, became hard and 
resistant to the etching aciO the 
darkest parts offering the lar.^^t 
resistance. 




E. Photo-engraving made from 
a screen of 100 lines per inch. 










F. Photo-engraving made from 
a screen of 85 lines per inch. 

Photon by GirniiitiDP. Pnrb 


G. Photo-engraving made from 
a screen of 65 lines per inch. 


H. Photo-engraving made from 
a screen of 50 lines per inch. 


GOMMUNIGATIOIV 


Reading Unit 
. No. 7 


THE NETS THAT CATCH THE NEWS 

FOR US 


Xotr: For basic iujormation For statistical atid current facts, 

not found on this consult consult the Richards Year Book 

the f^encral Index, Vol. 75. Index. 

interestin^i Facts Explained 


The first newspaper. 10 -73 
How Roman generals learned the 
news of the empire, 10 73-74 
The first regular newspaper, 10- 
74 

Early colonial newspapeis, 10- 

74. 7 fi 

How cheap news[>apers were 

T hi nils to \ 

Why were many early newspaper 
f>iiblishers persecuted? 

Why were press news associations 
ftirmed? 

What difference did the coming 

Related 

How are speech sounds trans- 
mitted over great <listances? 
10 112-13 

How are pictures sent by tele- 
graph ? I 0“ 94-99 
How did ships at sea get the news 
of the world in 1904? 10-116 

How are messages sent and re- 
ceived by telegraph? 10 95, 
97-98 

Practical . 

Why is a fine newspaper one of 
the bulwarks of our modern 
civilization? 10-8 1 

Summary 

When the price of paper fell 
and when improvements were 
made in printing processes, it was 


made possible, 10 7^-77 
The As'^ociated Press and th'i 
I’niled Press. 10 73, 79-80 
The journey of a reporter's story. 
10 80-S2 

In the t nited Stales, many 
million-^ of newspapers are 
prinlefl daily, 10 -Si 

'^hink About 

of the telegraph and the ocean 
cabU* make to the newspaper 
publishers? 

How was news gathered J>efore 
the telegraph was invented? 

IMaterial 

How is news sent across the sea 
by telegraph? 10 lor, 106 
How does the radio broadcast the 
news? 10 115, 1 19, 121 
What is the life history of the 
paper we use for our news- 
f)apers? 9 275-80 
Of what use is a leletyfie machine 
ill a modern newspaper office? 
io~99 

I pplications 

Why do newspapers print adver- 
tising? 10-79-80 

Statement 

possible for everyone in civilized 
countries to have all the news for 
a few cents a day. 
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**Hear yet hear ye!" The town crier's voice booms he seems to be carrying a printed handbill announcing 

and his bell clangs merrily as he goes through the some im, ortant bit of news. Or is it a royal proclama- 

streets telling the news. The criei in this picture must tion, which the good man has got by heart by dint of 

have lived in the days since printing was invented, for repeating it so often on his rounds? 


The NETS THAT CATCH the NEWS for US 

How the Paper on Your Breakfast Table Finds Out All It Tells 
You and Puts All the News Together in the Night 


NK Monday morning not \ery long 
ago people at breakfast in cities all 
over the United States read in their 
newspapers that the steamer “Tahiti’^ was 
sinking not far from the island of Suva. 
The time given for the message from Suva 
was 9:30 Alonday morning. But in small 
type just under the headlines of the item 
uas the statement: “Received by Wirele.ss 
from the Associated Press, New York, 7:30 
P.M. Sunday.” So what vas actually hap- 
pening at 9:30 Monday morning off a lonely 
little dot of an island in the Pacific had been 
known in the New York newspaper offices 
at 7:30 on the Sunday evening l^efore. News 
of it had been sent to i)a])crs all over the 
United States, had been set into t\T)e, and 
printed in the dailies that showered off oie 
presses some time betwa^en one and three 
o’clock in the morning; and you and 1 had 
read it at eight or eight-thirty Monday 
morning, an hour or more before it was 
supposed to have hapjiened out at sea! 

Of course, as you have already guessed, 
t.h«t strange matter of the time is very easily 


e\plaint‘d. Suva is over on the opposite 
bide of the earth from Xew^ York, and .so it is 
Monday morning In Suva w’hile it is still 
Sunday evening in New’ York. But for all 
that, th>" incident show's how quickly news 
is sprea * around the earth, and how fast 
our great lailies can get it to the people. 

Like the story of printing, the story of 
the pfinted newspaper begins far back in 
China centuries ago. Long before the na- 
tions of the West had any kind of news 
sheets, a sort of news bulletin was published 
in Peking to circulate governmental rulings 
and decrees. It was printed from wooden 
bkK'ks. 

.\nd centuries before that, the ‘‘Ada 
Diurna”— or “Daily Doings” — was sent out 
to generals in the Roman armies all over the 
world, to let them know the new^s of the 
empire. It w'as not printed, of course, but 
just written. Now and then other items 
besides governmental news w'ere put in as 
spice for the men in some lonely post in 
Thrace or Britain. For instance the “Acta” 
of one April day some sixteen centuries ago 
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told how lightning had struck a house on not long before some enterprising person 
the Palatine Hill in Rome, how the propri- had the bright notion of going from one 
etor of the Hog in Armor Inn at the foot of coffeehouse to another to gather up the 
Banker Street had been hurt in a tavern news and then sending it to regular cus- 
brawl, and how several butchers had been tomers outside of London. Country gentle- 
fined for selling meat that had not been men were very proud of their weekly “news 


inspected by the market overseers. There letters'’ containing notices of important 
must have been some pleasant things hap- events and all the gossip of the court. Tliese 
pening in Rome that day, but api)arently news letters soon became very popular, but 
the noble Roman generals were a good deal they had to make way against one great 
like many of the more ignorant people in disadvantage. Though England had had 
our own day — they liked to read about printed news bulletins ever since the time 


crime and horror 
rather than about the 
more important 
doings of the human 
race. 

In the fifteenth 
century the city of 
Venice published a 
hand-written gov- 
ernment news letter 
once a month. It 
sold for a “ga/etta,” 
a coin worth about 
half a cent. So you 
can see how we came 



of Queen Elizabeth, 
the imblishers had al- 
ways been so ham- 
pered by hcav\' taxes 
and strict laws as to 
what they might 
publish that thcie 
was no wide circula- 
tit)n for any ont* 
paper until alter the 
severe j)rcss laws 
were abolished in 

live years before 
that date the fit'-l 


to call a newspai)er a 
‘^gazette." Long 


I’hoto hi British Museum 

A clay tablet like this, cut with characters carrying a 
proclamation from the king, is about as near as the an- 


newspaper printed in 
America had brouglit 


after printing from Cient Babylonians came to a newspaper. It would not its publisher into 
- ' ° , be very convenient for reading in a crowded tram or bus. / , . 

movable type had , trouble. This was 


come to be known in Italy, this bulletin was Benjamin Harris, who had come from Lon- 


still written out by hand, for the government 
did not want too many people to read it. 

The First Regular Newspaper 


don. Back in the old country he had dared 
to print a paper criticizing King James. For 
this crime he had had to pay a line of £500, 
stand in the pillory for an hour, and serve a 


It was not long before several of the 
German towns had tlicir printed new’s 
sheets. In 1615 a German new's wx'ckly 
called the “Frankfurter Journal’’ began to 
appear, the first printed news publication 
to come out regularly. In 1622 the “Weekly 
Newes” was regularly published in London. 

In the last half of the seventeenth century 
England and Scotland began to delight in 
any number of attractive little places known 
as coffeehouses. They were just as good as 
a newspaper for the men who gathered there 
to drink the delicious new beverage. All 
the latest gossip passed rapidly from mouth 
to mouth, and there was always a lively dis- 
cussion of the topics of the day. It was 


term in Newgate, one of the most terrible of 
all the prisons in history. 

As soon as he w^as free, Harris came to 
Boston, where he and his wife opened a 
“Coffee, Tea, and Chucaleto” shop. Before 
long he brought out his “Publick Occur- 
ences,” in w^hich he promised to publish 
once a month “such considerable things as 
have arrived unto our notice.” This first 
real newspaper of ours was printed on three 
sides of a folded sheet, and had two columns 
eleven inchcslong andseven inches wide to the 
page. Just remember that, when next you 
pick up the Sunday paper on your doorstep! 

“^ublick Occurences” contained items 
telling how the Christianized Indians were 


74 



THE STORY OF THE NEWSPAPER 



:«vr5 WftOAf 1. 


Photo by Braun at Cie 

In the later Middle Ages, when the republic of Venice 
lorded it over the eastern Mediterranean and sent her 
bold traders even to China, there must often have been 
exciting news to tell the people at home. Should you 
not like to know what tms man is reading from htS 
paper? la it news of a victorious sea fight, the an- 


nouncement of a festival or an assembly, the procla- 
mation of some decree of the ruling doge? Whatever 
it is, he has gone to a spot where he is certain to find 
people gathered — to no less a place than the great 
cathedral of St. Mark, which in that age of faith was 
at the very heart of the city’s vivid, colorful life. 
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things ucre indeed true, 
it was highly improper 
for him to tell them of 
friendly Indians. So 
“Publick Occurrences’ ’ 


PUBLICK 

OCCURRENCES 

Both F OXitf /o /V »ad DO i // 5 / /c A. 

Tburfilay Sff tyb i6,c 

y few ikm, m whit K hi tke Vonn i*r, t 
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was suppressed, and never saw the light of 
day after that first issue of September 25, 
1690. 

It was Postmaster John Campbell who 
published (1704) the first regular newspajMjr 
in the colonies. The postmasters at the 
various colonial ports w'ere in a very good 
position for getting news from the old coun- 
try— and of course that w'as the news that 
everyone w’anted to hear. Campbell made 
up his "Boston News Letter” almost entirely 
of items gleaned from papers and bulletins 
sent by ship from old England. Sometimes 
the "news” would be six months old, but 
it was new to its readers and that was the 
main thing. 

The "News Letter” was a poor paper, but 
for fifteen years it was the only one the 
colonists had. In 1719 Brooker, who fol- 
lowed Campbell in the Boston post office, 
began to publish the "Boston Gazette,” 


newspapers could be distributed only as fast 
as a horse could travel. So w^hen tlie news 
arrived it often was not very fresh. It is 
easy to see, then, what a difference the rail- 
roads and telegraphs made to the new'spai>ers. 
Now' the latest new\s could si>ecd along the 
wires to the publishers’ offices, and from there 
be spread at once to people all over the land. 
That was what made us into a newspaper- 
reading nation. Gradually the West was 
opened up, and settlers moved there from 
east and south and from far across the sea. 
And everyone wanted to keep in touch with 
the life of the nation which he was helping 
to build. 

When Penny Papers First Appeared 

But even then only a part of the people 
could have afforded to have the news if it 
had not been for the fall in the price of 
paper and the improvements that came about 
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Phutu ( opynclit Dptruit Publuliiuit C o 

The most famous printer in America during colonial 
days was Benjamin Franklin« who in spite of his great 
fame in many other fields liked to su^n himself “Ben- 
jamin FraT^khh, Printer.” Here he is hard at work in 

ill the jirocesscs of printing. After those 
changes it was possible for everyone to 
have all the news for one or two or three 
cents a day. 

Of course the imjirovomcnts came about 
gradually. A little more than a century 
ago the type for the newspaper had to be 
set, and the w^hole paper had to be printed, 
by hantl. The type w^as laid, one page at 
a time, upon a llat bed, and w'^as inked by 
hand wdth a roller. Next a sheet of paper 
was laid upon the inky type, and the top of 
the press w^as brought dowui ujxin it. That 
printed page w'as then carefully lifted off and 
laid on another form, to be printed on the 
other side in the same slow^ way. In other 
w^ords, printing had not moved very far 
beyond the methods of its fust inventors. 
With such slow processes a j)a[>er could 
hardly reach beyond a circulation of a 
thousand cojiics a day. 

The Ancestor of Our Modem Presses 

The first big improvement came w^hen a 
German named Friedrich Koenig (kff'nlK) 
invented the steam cylinder press, at the 
time when we were fighting our little War 
of 1812. With this invention type forms of 
two pages at a lime could be laid on a flat 
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his Philadelphia printing shop» from which came not 
only the “Pennsylvania Gazette.” most widely-read 
newspaner in the colonies, but also the famous “Poor 
Richard’s Almanac” and many other good things. 

bed and moved back and forth by steam 
power under a heav>^ revolving drum which 
carried the paper Sheets of paper w’ere fed 
to the drum by hand from a table at one 
end of the press Such a press could print 
eleven hundred copies in an hour. 

Guarding a Great Invention 

John Waller, of the London “Times,” 
was the publisher to take up Koenig's 
invention. Now" Walter was afraid that his 
men would object to the new process because 
it would rob some of them of their jobs. So 
one night in November, 1816, the “Times” 
pressmen w^ere told to hold back the paper 
until delayed news came in from the Con- 
tinent. That was a common enough order 
in those days w"hen new's had to cross the 
Channel by sailing ships; so the men thought 
nothing of it. At six o’clock in the morning 
Walter came i 1 and told the men that the 
“Times” had already been printed by steam 
in another building. He urged them to take 
it peaceably, for, as he said, the change had 
to come. And he promised all the men full 
wages until they found other wrork. To-day, 
thanks to the very invention which at first 
csavcd so much labor, thousands of men are 
employed at the presses where only a score 
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were employctl before. For in the long run were put into “Marine Books,” which news- 
that is always sure to be the result when paper men could consult in the coffeehou^. 
labor-saving machinery is brought into an Later ToplifTe had correspondents in the 
industry. most important European cities, and the 

TT«.iri gathered for him was .sold in 

’ _ * the shape of “letters” to regular subscribers 

The next big improvement came with a to his news service, 
process for making metal plates of the tyjre 

forms. These plates were bolted to cylinders Reporters of Other Days 

and the cylinders were jrassed over “webs” Two newspaper men of New York met 
of paper which rolled automatically off great incoming boats in a fast schooner, the 

spools. On the electrically-driven web “Journal of Commerce,” from which they 
presses of t(%day, our great <lailies can run would .signal the news to a semaphore posted 
off 100,000 eight-page pai)crs in an hour. on the highlamls of Sandy Hook. The 
Next Otto Mergcnthaler of Baltimore in- semaphore then jussed it on by signal to 
vented his linot>i)e flln'o-tlp) machine in Staten Island, wh(‘re the editors could get 
1886. This set type by machinery instead it well ahead of rivals who wailed for the 
of by hand. The ojierator of one of the landing of the boats. .\notIier .Vew York 
machines could do the work of five of the newsixaper man got the news from Cunard 
men who used to set the tyiie by hand, for liners coming into Hoslon from Liverpool 
there was no more tiresome jiicking up of and hurried it down to New York by a 
cveo’ tiny letter and still more tiresome galloping jiuny expiess. He was also enter- 
sorting of the used t}pe after the article ha<l jirising enough to install a carrier jiigeon 
been printed. service fiom Albany to New' York, for the 

And then the editorial departments of the purjiose of getting the governor’s annual 
great dailies jiut their heads together to message ahead of all his iom|)etilors. Nat- 
improve their ways of gathering the news, urally all such schemes cost a great deal of 
For that was a most expensive business, monev, and onlv the larger jiafiers could 
Every newspaper was spend- This is not P««l Revere, but ‘^em. 

mg enormous sums m tr\ ing to merely a newspaper reporter With the coming of the telegraiih 
be the first to get hold of the to^gatherlSs^new^o'per^ fhe ocean cable the pubiisheis 
news. VVaybackin 1811 bam- haps to distnbute the printed were put much more nearlv on a 
uel lopliue had Started going is gathered by radio or tele- level in the inallcT of getting the 
out in his own sloop to meet ffi;d“”i2,m.ti.S:s7by h a scram- 

the ships coming into Hoslon plane! hie to get messages through to all 

harbor in order to get the ne^N s 
before the boats landed The 
items he gathered in this wav 
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Hy K«i.i»- (ii.llovMiy, \. ^■. 

Here at the U-shaped Copy Desk of a large city daily writing the headlines for the next issue is going on. 

the work of reading and correcting the news articles and The “slot man” facing the camera is in charge. 


the various papers that the wires were 
crowded beyond capacity. Something had to 
l)e done. So in iSg:; sixty-three newspaper 
men decided to l)and themselves together* 
in what they called the Associated Press, 
d'o-day many hundreds of newspapers be- 
long to the association, and recei\’e the news 
sent 1)V its corres{)ondents stationed in every 
corner of the globe. Radio, cable, telephone, 
telegraph, and {)ost j)our in the items in a 
ne\'er-ending stream. The association leases 
thousands of miles of wire, and may send 
in news from as many as two hundred ioreign 
])oints in a day- and from thousands of 
points inside the nation. Its reports have 
earned a re|)utation for being reliable; and 
of course they must never take sides, for 
then they would no longer be of use to all 
of the members alike. 

Our Modern News Carriers 

Nobody makes any })roht from the 
sociated Press. I'he members divide its 
exj)enses— many millions a year -among 
themselves, and each paper [lays according 
to the amount of service that it lakes. I he 
Ihnted Press, which was established in 1Q07, 
gives the same kind of service as the As- 
sociated Press, but its customers pay a 


fixed rate and it is run for profit. Many 
papers gel their news from both services, 
and the big city dailies have special cor- 
rest)ondeiits of their own besides. 

What Do A.P. and U.P. Mean? 

So that is what those familiar letters 
A.P. or U.P. mean at the head of a dis- 
])atch. T"hey are the initials of the two 
largest iw\ '^-gathering agencies in the United 
States. >\e have others as well; and there 
are famous ones abroad, such as Havas of 
Paris, i ass of ^Moscow, and Reuter s (roister), 
of London, the oldest of all, for it was 
established by a German, Julius Reuter, in 
1840. If it were not for all these agencies 
onlv the biggest of the dailies could afford 
to give us much of the news. 

But even then, no newspaper could afford 
to sell its news so cheaply if it were not for 
the money rnede on advertising. That is 
what every papier relies on to pay its ex- 
penses. And since advertisers will pay more 
for st)ace in a pajier that has a large numbei 
of readers, every paper tries in all sorts of 
ways to jilease the public and so increase its 
circulation. 

Right here it must make a choice. By 
printing lurid accounts of crime and all 
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sorts of disgusting scandal it may appeal 
to a large number of readers, but they will 
mostly be of low intelligence and ignorant, 
so they will be unlikely to have much money 
to spend on the goods they see advertised. 
In order to gain a better class of reader, 
more intelligent and refined, a paper must 
fill its columns with 
something besides the 
filth one secs in the 

may of course ■ 
be smaller, for 
there are fewer ' \ 

intelligent ^ ■ i'* 

people in the 

the unintelli- ^ 

gent. But as a 
rule 

gent people 
ha^’e more money, and 
so die paper they buy 
can usually charge more for its 
advertising than many a paper }p"Slgammm 
with a larger circulation. 

Now let us imagine that you 
are an ambitious young reporter 
on one of the morning papers in f ^ | 

any large city. You want to gel , 

ahead as last as you can, and ^ 

are willing to do your best on up,” a sheet o 
every “story'” that is assigned 
you — for to a new'spaper man effect, with all i 
any article is a “stor>^” no mat- ^It toeVi^t-S 
ter how close to fact and how “r mTtrTx^^Th 
far from fiction it may be. We great curved n 
will suppose that the city editor, 
who is resi>onsible for the gathering of the 
local new’s, has sent you to “cover” one of the 
police courts. You take your jilace in court 
and listen to case after case, few of them 
very interesting. But finally a taxi driver 
named Tommy Jones is put in the stand 
and testifies that the night before he was 
held up and robbed of ten dollars, all the 
money he had. Later in the night he was 
held up again by the same man and robbed 
of his cap, his coat, and his taxi. And later 


may appeal still, as he was riding on the back seat of a 
)ut they will friend’s taxi to make his report at pni^ice 
nd ignorant, headquarters, he was dragged out of the taxi 
much money in order that the selfsame bandit might use 
? advertised, it to make his escape, 
s of reader. Facing Tommy in the court is another 
paper must man. From the photographs in the “rogues’ 
.. galler>"” at police headquarters Tommy has 

picked out this man’s photograph as being 
that of the persistent thief. But the man’s 
sister upholds his alibi when she con- 
firms his statement that he was sit- 
ting quietly at home while Tommy 
was meeting his adventures. So, 
rightly or wrongly, the man is set 
free, and 

PUotQ by Odcago Tribune ' IICUS- 

The jolly man in the oval is composing, or ^making office 

up,” a sheet of newspaper. It is careful work to and WTilo it up 
display the news, not to mention the features and • 
the advertisements, so as to make just the right m >our ocsi 
effect, with all the news, according to its importance, vein* and 


uinjpiujr uic news, noi w menuon cue leaiures ana • 

the advertisements, so as to make just the right m >our ocsi 
effect, with all the news, according to its importance, vein* and 
given just the right place on just the right page under , ’ 

just the right-sized headlines. In the square a man when you turn 
IS removing from the form, or page of type, the mat In the ritv 
or matrix. This mat will give its impression to the ^ ^ 

great curved metal plate from which the page will editor you 
•ctually be printed. have made 

;ring of the enough “copy” of it to fill a column in the 
one of the paper. You will not see it again until the 

ice in court paper comes out, but you very much hope 

;w of them that it will not be thrown into the waste 

taxi driver basket, cut down to fill only an inch or so 

i the stand of space, or tucked away in some ob.scure 
ore he was corner of the paper. And meanwhile the 
ars, all the city editor looks it over, marks on it the 

ght he was amount of space it is to have, the sort of 

and robbed heading ttiat shall be printed above it, and 
And later where it is lo come in the paper, according 






Day aid lutht tiese huge presoes whul, turning off 
many miluons of newspapers every day in the United 
States alone It takes between five and sia million 
tons of paper every year to feed them Probably much 


of what goes into our newspapers is not worth the 
noble spruce forests we gnnd into these tons of paper 
But a really fine newspaper is one of the bulwarks of 
our modern civilization 


to the plan whirh the mamRing (ditor has 
mapiKcl out foi tint Klition N«.\t a copv 
tflitor taUs \(>ur stoi\ cuts it down or 
exjiamls it, aeiording to orders, and gi\es 
It a luading tint will ittrut rtidtrs \nd 
then tlu trials of lommy Jones arc shot 
through a tube to the composing room, 
where a linohiK ojuiator will set the stor> 
in t\pc 

The Magic of a Linotype 

How gocKl old (juteiiberg, the iiuente^r 
of printing with t\pes would eijicn his e\es 
at that hnot\pe' Sitting at a kc\ board 
rather like the kc\ board of a Ujicwriter, 
the ojicrator pushes elown a kt\ marked with 
a given letter, and down teimes a little 
brass mould eif the letter he wants It takes 
Its place on a line with other moulds of other 
letters With the help of his maihinc he 
summons mould after mould to its place 
m the line, all of them arranged neatly m 
words, with si>accs between When a line 
the width of a newspaper column has been 
filled up in this w'ay, melteei lead from an- 
other part of the machine is poured into the 


moulds, and then the whole line of lead 
t\j>t will bt automitualh last iti the leail 
\ow vj)u can '•tt white the niaihinc gets 
its name Ihc mouhls go back into place 
to be used again and the operator keeps on 
making lines of tvjK, or “slugs,’ until the 
storv of lommv Jones and his midnight 
mishaps is linisheil 

I hose slugs will take their place in what 
IS called a ‘ form ’ — or hundreils of lines ol 
tvi>c ai ranged in columns with headlines for 
eaeh storv, just as on a jirmtcd page But 
thougli the tviu' IS all iierfcH-tly arranged 
vou could not print the thousands of copies 
of vour jiapcr from this form For one 
thing the tv [ic slugs might fall out , In t 
worse than that, the form is Hat. while the 
press IS m the shape of a cvlinder \o. the 
actual printing must be done from hard and 
sohil metal, cast to fit vour curved cjhntlcrs 

How a Stereotype Is Made 

So, with the rest of the form, vour stoiv 
goes to the stcreotvping (stCr'c-6-Up') de- 
partment There a sheet of soft, moist 
paiier about the thickness of thin cardboard 
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is pressed down over the t>'pe until it takes 
the exact mould. Then this paper mould — 
called a matrix (ma'trlks) or mat is dried 
and curved to fit the rounded side of the 
printing press. Next the intelligent auto- 
plate machine takes the paper mat, and 
using it as the pattern, makes plates from 
it out of the molten metal that Hows over it. 
The cur\Td plates, which carry the type 
from which the paper is actually to be 
printed, come out at the rate of four a 
minute. 

Speed is ever>"thing in getting out a paper 
nowadays. So almost in the twinkling of 
an eye, the plates have been bolted into 
place, an electric starter has set everything 
whirring, and the pages are running through 
the enormous press. The type is ke])t 
sprayed with ink automatically, ami the 
paper is automatically fed into the press 
from a huge spool at one enrl. And at the 
other end out drop the papers, all cut, folded, 
and counted, at the rate of hundreds to a 
minute. The machine seems able to do 
evei^ihing but read them! 

By now' it is between one and two o’clock 
m the morning. In the mail room the force 
is waiting w’ith wrappers all printed w'ith 
the names of subscribcTS who get their 
pajxjr by mail. The mail sacks yaw^n, ready 


to catch the addressed packages that will 
go to the trains in the motor trucks that arc 
backed up at the door. Trucks will .take 
other bundles that are to be sent by express 
or to go to the various news .stands over the 
city. Often the papers to be sold in dis- 
tricts close to the plant will be given out to 
a clamoring tliroiig of newsboys, each one 
of them eager to get the first batch and be 
the first on the street. There he will shout 
the headline call that the man In charge of 
the distributing has given to them all, to 
help them in selling their wares. 

But the ‘‘big’’ new's is not what you are 
interested in t(vday. You w^ant to know 
w'hat hapj>encd to your story of Tommy 
Jones. The instant your paj^er appears you 
seize it ancl look to see. You cannot expect 
it to I)e on the front page, which is given 
over to important local and foreign nenvs. 
Neither do you e\i)CH:t to find it on the next 
best pages, the second and third. But you 
are glad to sec it on the back i>agc, w'hich 
in your particular paper ahvaxs carries in- 
teresting local new’s. It is at the top of ihc 
middle column, and has been allowed half 
a (olumn, with the catchy title, “Jehu Plays 
Tag with Thief.’’ 

“(Jood enough,” you say to yourself, and 
cat your breaklast with relish. 



This rotftry press 
turns out newspa- 
pers for the people 
ot Reading in Eng- 
land. On large press- 
es of this type 40,- 
000 newspapers of 
thirty-two pages 
each can be printed, 
folded, and assem- 
bled, ready for de- 
livery, every sixty 
minutes. Andrew 
Campbell of Jersey 
City did more to 
work out the mod- 
ern rotary press 
thin did any other 
one man. It first 
wont into operation 
about 1875. To-day 
democracy as we 
know it could 
htfdlv exist with- 
out this device fer 
spreading informa- 
tion among the 
people 
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COMMUNICATION 


Reading Unit 
No. 8 


WHAT A POSTAGE STAMP WILI. DO 

\ote: For basic information F or statistical and current facts, 

not found on this pagi , consult consult the Richards Year Book 
the ge.nrral Index, Vol. /f. Index. 

Interest ing Facts Kxplained 

Roman post rider*^ carried ^ov- The I^ony Expre.ss, 10-88-89 

ernment di.s[>atche.s only, 10-86 The United States postal system, 

The mounted courier service in 10 84, 91 

Europe, 10 86 The Dead Letter Office, 10-84, 

England's first public mail serv- gi 

ice, 10 87 Air mail 10-91-92 

Picture Hunt 

TT.t the mail taken in the How do Uncle Sam's messen^iers 

sixties to places where there tra\el with the mail? 10-90- 

were no railr«)ad>»? 10 8 6 -So 92 

Ridated \lateria1 

What is the postman's most im- ^entina? 10-91 

portant duly.'* 7-S7h How does Congress help airplane 

How (loes the po>t office make and steamship lines? 7~378 

use of pneumatic tubes? 7— How does the Postal Savinj2;s Di- 
400 vision work? 7-378 

How’ is the Post Office Depart- How' many miles did Uody carry 
ment conducted? 7-37S the man for the Pony Express? 

How lonR does it take air mail 12-574 

from New York to reach Ar- 

Practical Applications 

What makes post office employees many stupid and careless p)eo- 

wonder how' there can be .so pie in the world? 10—90 

Linsure^timt^ A ctivities 

PROJECT NO. i: Make a col- PROJEC T NO. 2 : Start a neiph- 

k‘ction of the common U^nited borhood ix)st office i-n your back 

States stamps in present use. yard, 10-85 

Summary Statement 

Because we believe that the inn business in postage stamps, 

spreading of intelligent ideas but to pass valuable goods and 

makes a nation enlightened and still more valuable ideas as 

progressive, the purpose of our quickly as p>ossible among the 

postal system is not to do a driv- |>eople. 
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THE POST OFFICE 
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Above, you will see the sort of thing that happens in < 
the Dead Letter Office. These particular stacks of 
letters are from people who wanted to know difficult 
words in cross-word puzzles and who have sent their 
questions addressed to government bureaus which do 
not exist. Above to the right are men sorting letters 
into pneumatic tubes. These tubes are shot by com- 
pressed air at lightning speed through iron pipes to 
various post office stations in large cities. A single 
tube will carry as many as six hundred letters. The 
scene at the lower right is laid in the **nixie” section 
of the Chicago post office, where the older and more 
experienced employees spend a great deal of time and 
effort making corrections on misdirected letters. They 
must wonder how there can be so many stupid and 
careless people in the world. Below is an inside view 
of a mail train, where men are sorting letters 
into bags that will be put off when the train 
stops, and then start off in a dozen different 
directions without delay. 






' J 




/ 
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When mail bags are put off trains, planes, or ships, they are 
usually loaded into trucks and taken to the post office. There 
the mail is sorted according to the zone, street, or route address. 
In big cities a letter is greatly speeded if the address includes 
the zone number, for then the employees at the central office 
know at once to what branch office the letter should go for its 
final sorting. The Post Office Department is always trying to 
make service swifter. Mail carried by plane, for example, 
may be Just dropped for pick-up at spots where there are no 
landing fields. And helicopters are beginning to replace trucks 
for delivery between post offices and airports. 


Photo by Keyotooe Viow Co. 
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I li III) I > 1 lUrinbuurK Miiiicurri 


In the time of the ancient pharaohs of Egypt royal were rewarded with gifts; but woe unto those who 
messages weie carried by slaves. All was well for the brought evil tidings. For like the slaves in the pic> 
messengers who brought good news, for then they ture above they were instantly put to death. 


WHAT a POSTAGE STAMP WILL DO 

The Story of What Happens to a Letter We Drop into a Box 
to Start on Its Travels around Half the World 


ID \ou over start a neighborhood post 
ofiice inside a hollow tree in the hack 
yard? You cut a slit in an empty 
cigar box, and everyone who was in the secret 
posted his letters in the box, which you kept 
carefully hidden inside the tree. And when- 
ever you visited your jiost ofiice, you wan- 
dered toward it quite as if by accident, and 
after a hasty look around, you snatched the 
box out, opened it to sct if by any luck it 
held a letter for you, and then hurried quickly 
away. You went for your mail eight or ten 
times a day, if the weather was good, but 
most of the time you had the trip for your 
pains. 

Now your p)ost office was all a make- 
believe, as you knew well enough; and yet, 
strange as it may seem, a goixl many of the 
world’s post offices have been in just as 
strange places as your hollow tree. For it is 
not very long, as history is reckoned, since 


all the private letters that anyone ever sent 
had to be carried b> hand or left in some 
safe place to be called for. As lately as 1849, 
when |)eoplc rushing for gold in California 
took the long, long route by boat around 
the Horn, they used to leave letters for their 
friends at home in a strange post office dowm 
at the very tip of the world. It was a strong 
w^otxlen keg, wedged betw’een two big rocks 
and treated with a coat of tar to make it 
watci proof. .\11 a man needed to do was to 
lift its iron lid, which worked on leather 
hinges, and drop his mail inside, read\ to be 
jiicked up b> any passing ship bound in the 
other direction. 

It was at the Cape of Good Ho|x?, on the 
other side of the world from the stormy Horn, 
that Knglish and Dutch voyagers, before 
the land w*as settled, left packages and letters 
under big stones on Table Bay. Some of 
those old “Post Office Stones” were found 



8*; 


THE POST OFFICE 


not long ago by men digging at Cape Town, stations that I lie government kept for its 
There they had lain for many a year, but messengers along the Roman roads, 
not long enough for their quaint inscriptions Of course all this magnificent organization 
to be worn away. For cut into their faces was swept away with the fall of the empire 
was the invitation to “Look hereunder for that hail set it up, and for many a century 
letters.” any messiige that was urgent enough to be 

^ sent at all had either to go by special mes- 

The Post Office at Ash Hollow senger, riding at great expense over the dan- 

Our own new land saw makeshifts just as gerous roads, or to lake its chances in being 
queer. By a spring in Ash Hollow on the passed from hand to hand by travelers whose 
North Fork of the Platte River, there used business hapjiened to take them in the right 
to stand an abandoned cabin that once had direction. Finally the big universities an<l 
been the home of trappers. There pioneers the guilds of merchants set up postal services 
bound for the West in 1846 used to leave of their own. 

hundreds of letters with the request that the By the close of the Middle Ages business 
next traveler eastward should drop them in had increased so much and jieoplc had come 
the first post office on his route. It is hard to have so much to say to other people at a 
to say where that post office was, but if he distance that a remarkable family of heredi- 
carried them all tlic way to Chicago he could tary postmaslers-general, known as the 
leave them there in a post office that the counts of 'riuirn anrl Taxis, set up a fine 
government had established back in i8^i, mounted courier service between the chief 
wrhen the postmaster had nailed to the wall cities of Eun^pc. One of them, I'raiu is von 
a row of old boots to serx’C as letter boxes. Taxis, founded the Imperial Po^t of the 

Now' all this w'ill show you that the world’s emperor Maximilian; and it is interesting to 
postal service, in spite of its tremendous size, see that he wUvS powerful enough to insist 
is still very young. None of those old post that his couriers should carry the letters of 
riders, w’ho traveled w’ith such effective speed private persons as well as those of the em- 
throughout the Persian or the Roman empire, peror and his officials. In i si^) he established 
ever took any but government dispatches, what was probably the first letter jx»st; it 
A private message ha<i to go by private mes- ran betw^een Berlin and Viennli. 
senger, as one may see from various passages 

in the Bible; for instance, w'hen the apostle When Posting Letters Was a Crime 
Paul, though himself a Roman citizen and It was some time before anyone had the 
entitled to all the privileges that belonged enterprise to start the same sort of venture 
to him as one, nevertheless says again and in other countries. 1 \> be sure, Henry VIII 
again that he is sending his epistles The passengers on this Royal ^ in England, but 

by the hands of friends. Mail coach are not so care- it carried only court messages, 

And yet on the government’s Pufimanr* Besides Splitting ihe system established by 

business those old couriers were so up with the bumping, the his masterful daughter, Eliza- 
^ . . . , , I a and wet, and the spoil- ^ 

efficient that our very w'ord jinst ing of their beautiful top 

has come to us from the Latin SSrbeteXg'bJSrMhVS 
positum, the name for the relay is stuck and they win have 

to get out and push I 
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Try to imagine that you are living in a little Missouri 
village in the sixCi One small house serves as store, 
post office, and town hall. You are waiting there for 


the Pony Express. Perhaps the rider has been held 
up by Indians! No, there he comes and, pausing 
barely a second, he gallops off again in a cloud of dust 


belli, (lid no more. Fiideed, under her reign 
the writer of a private letter directed outhidc 
the country was at once suspected of jdotting 
against Her Majesty, and anvone caught 
carrying one was throw n into prison. Natu- 
rally there was not much demand fora postal 
service under such conditions, and of course 
news was hard to get. 

England’s First Public Mail Service 

But things quieted down by and by, and 
Thomas Witherings, a Scotsman, organi/.cd 
a system in the tirst half of the seventeenth 
century by which ])rivate persons might send 
mail at their own exjiensc. Toward the close 
of the century the first armed mail coaches 
went into service to carry Ilis Majesty’s 
mail. 'Fhcy i)Ut a sto]) to the mail robberies, 
which had growm so common that bank notes 
and other valuable papers had to be torn in 
half and each half sent separately. In 1840 
Great Britain set an (wamidc to the rest of 
the world by adopting the plan of Sir Row- 
land Hill and cutting her letter rate to two 
cents an ounce. At the same time she intro- 
duced the postage stamp, which meant that 
the sender paid the postage. 

And meanwhile the colonists had found 


that they too had things to say to their 
friends at a distance. As early as i 6 ^q it 
had been decreed by the general court of 
Massachusetts that “Richard Fairbanks his 
house” in lioston should be the headquarters 
for foreign mails. He was to see that letters 
were dispatched overseas or that they 
reathed the hands of the colonists for W’hom 
they wTre intended on this side of the w^ater- 
and on every' letter he was to have the fee 
of a penny. He could hardly have grown 
rich, for missives w'cre few' and far between 

But even that hit-or-miss handling was 
better than the common practice, by which 
a ship’s ca})tain would liang up a bag for 
letters in some tavern or coffeehouse several 
da\s before sailing, and then dump its con- 
tents on .some inn table when he reached 
port. 'I'here the letters would be looked 
over by all comers, and at last, all thumbed 
and greasy, they might reach the hands of 
the jM^rsons to whom they w^re addressed. 

When Every Farmer Was a Postman 

In Virginia a law of 1657 required every 
plantation owner to pass on all mail to the 
plantation next his; and so a letter journeyed 
from hand to hand until it reached the owner. 
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If any man was careless in this duty, he was 
fined 350 pounds of tobacco — which meant a 
tidy sum of money in those days. It was 
not till the close of the century that the 
king appointed a postmaster-general for the 
colonies. 

Some sixty years later a very able man 
was found to do the work. F'or sixteen years 
he had been giving the little city of Phila- 
delphia an excellent postal service — and dis- 
tributing his own newspaper, ^Thc Pennsyl- 
vania (iazette/’ in this way. Now that 
man's name v.as Penjamin Franklin, and for 
years to come he was to organize the mails 
for those bustling young colonies, and put 
the service on a sound paying basis. This 
was a worrisome business in those days, 
when it took a letter as long to cover the 
thickly-wooiled, sparsely-settled country be- 
tween New York and Georgia as it would 
now’ take one to travel from Xew’ 'N'ork to 
Shanghai. But Franklin opened up new' 
routes everywhere, and improved the old 
ones; and when the Revolution came, the 
colonies could get messages back and forth 
quickly. 

The Wit of Ben Franklin 

Before the Declaration of Independence 
P'ranklin had been privileged to send his 
own mail free, simply by endorsing it ^Trec. 
B. Franklin.” But after the Declaration 
the good old patriot thought he could im- 
prove the order of those w’ords, and he 
endorsed all his mail “B. I'ree Franklin.” 


stirring chai)ter than the tale of the Pony 
Express, which set out to rush the mails 
from the end of the railroad, at St. Joseph, 
Missouri, west to San Francisco. 

The Pony Express 

The slow-going Overland Stage had long 
been doing the work in a steady, plodding 
fashion, but a firm of business men finally 
decided that money was to be made by 
running a quicker .service So they bought 
420 horses and hired 400 station men and 
125 riders, every one of them an excellent 
horseman and a crack shot. At seven-thirty 
on an evening in Ai)ril, i8()o, a rider at 
St. Joseph leaped into his saddle as the sIkM 
of a cannon announced the first run of the 
Pony pApress. He was dressed in a buckskin 
shirt, cloth trousers, and a slouch hat, and 
carried a brace of pistols at his belt. He 
gallof)ed down to the ferry, w'hich j)ut ofT 
the instant his horse's hoofs struck the Hoor, 
and soon he was across the >ellow' Missouri 
and aw’ay in a cloud of dust. 

Out through the night he rode, st()[)ping 
for Iw'o minutes every ten or fifteen miles in 
order to get a fresh mount. At last, at the 
end of his run of seventy-five or a hundred 
miles, he handed the bag at Ijis sadrlle horn 
over to a new’ rider who went pounding on 
with it. On that first trip the bag contained 
dispatches of Eastern news for the San 
Francisco papers, forty-nine letters and five 
telegrams. On each jiiece a fee of $t; had 
been charged, besides the regular government 


After the Revolution, the story This old mailcoach has seen I-iter the rate was rc- 

of our postal system is the story b**^lnd'an? $2.50. 

of the growth of our country, ^nd cosrSwieral^HoaSnia Night after night and day after 


And a thrilling story it is — a to get it back. Jay over plains and stcei) mouii- 

. , ® f , ... In the same year General * 1 

Story of bravery and hardship Sherman used it on a tour 

and of unfaltering devotion to 

duty. Perhaps there is no more and his successor. President 

Arthur. 



Photo by Norther D Pacifio Ry. 
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The woman in this picture does not bother to wait for road and stops the mail carrier. This Royal Mail coach 
her mail at a post office. She just rides out along the was lately in use in a part of New South Wales. 


tain trails, that first Pony Express flew w'est, 
without ever « moment’s stop for the cheers 
and speeches that greeted its jxissage through 
every settlement. At Sacramento the Cali- 
fornia legislature adjourmvl in its honor - but 
horseand rider kejit straight on to the steamer 
‘‘Antelope,’’ which was waiting on the Sacra- 
mento River to take them to San Francisco. 
News of their arrival had been sent ahead 
over the short California telegraph line, and 
when the w'eary man and horse reached the 
end of their journey late that night, they 
were escorted to the post office by a band, by 
all four of the town’s fire engines, and by 
most of the pofiulation. The r,Qf)6 miles 
had lieen co\ered in k'ss than eleven days 

The Record Ride of the Pony Express 

But that w’as not the record for the Pony 
I^xpress. When President Lincoln was first 
inaugurated, it carried a copy of his address 
out to the wx‘stcrn coast in seven days anil 
seventeen hours. The Pony Express had a 
share in holding the Union together during 
those troublous times. Its riders took their 
resi)onsibilitics very seriously. They were 
not only superb horsemen; they w'ere brave 
men, who faced danger and death at the 
hands of the hostile Indians along the route. 
One day when “Pony Bob” Haslam found a 
relay station burned and his relief killed by 
the Piutes, he kept on riding for 380 weary, 


dangerous miles. For the mails had to go 
through ! 

Buffalo Bill Outwits the Bandits 

Some of those riders for the Pony Express 
won their w\ay to fame. When he w^as only 
seventeen, “Buffalo Bill” Cody w’as given a 
large sum of money to carry over the route. 
He learned that a party of bandits had got 
wind of the fact, so he made up a “dumm>” 
package which he fastened to the usual place 
on the saddle horn, while he hid the jmekage 
of money under the saddle. It was lucky 
that he did! .\t a lonely spot in the roa(L 
up rose two masked bandits and with their 
pistols drawn demanded the mailbag. Bill 
made a great show' of reluctance and undid 
the sack. Then sudilenly rising in his stir- 
rups, he threw' it squarely in the face of one 
of the bandits, and giving the other a “side 
swijx?” with the hoofs of his mount, he w'as 
off like the wind to the next station, w'here 
he safely delivered his money. 

Such were the brave beginnings of our 
postal serx ice — now the biggest business in 
the worlil. The lumbering mail coaches— 
w ith green bodies, red wheels, and the w^ords 
“United States Mail Stage” painted in yellow 
beneath a great eagle on the panel — ceased 
to appear along the main routes of the young 
republic. To-day hundreds of mail cars, 
each one manned by a crew of expert clerks 
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who can sort the mail at lightning speed, 
carry the precious load to every corner of the 
land at the rate of forty or sixty or ninety 
miles an hour. The letter that took twenty- 
four hours to go from New York to Phila- 
delphia now can cover the distance hy air- 
plane in less than an hour. The j^ost 
offices and 2,400 miles of po^t road that 
served the country in 1780 


your whole heart out on paper and send it 
halfw'ay round the world. Scores of j)ers^)ns 
will handle it, .swift trains will speed it along 
by land, and laboring steamers will take it 
over the .sea. It will be w^eighed and fingered 
and counted. And yet it will travel all those 
thousands of miles more .safely than if you 
were carr\ing it in your own junket. And 
out of all the millions of 


have now been increa.sed 
to tens of thousands of I 
offices and hundreds of jf 
thousands of miles of rail- S 
road- to say nothing of J 
thousands of miles of air- ? 
ways and of rural deli\ery 
routes. Back in the 18^0’s ' 
the government hacl its 
hands full Irving to per- , 
suade the infant railroads 
to carry the mails at night. 

It was not considered at 
all the thing lor trains to 
travel after dark, d'o-day 
Tncle Sam’s messengers 
never stop, })ui rush on 
night and day. hor the 
mails must go through I ^ 

It was not till 188^ that 
the United States followed 
England’s lead and re- . 
du( ed its j)ostal rate to two | 
cents an ounce. At first the i 
rate had been very high- t 
and was j)aid by the man t 
who received the letter. A [j' 
single folded sheet, with- ■■■Step** 

- , I’hofo fiy ^ itw 

out anv envelojK", i osl six 

^ Skates, skis, snows 

cents tor thirtv miles in biles, and airplanes < 

th<tec (lavs and the far- i» o". however, wh< 
- , , V , ,, lasnionea me 

therit went and the bulkier 

it was, the more it cost. A man in Baltimore 
might easily sjiend twenty-Mx tents lo gel a 
letter frtim Boston. No wonder f)eople wrote 
twice acro.ss the i)age, the second lime at 
right angles to the first lines of wTiling. But 
by 1847 the United States, too, had intro- 
duced the postage stamp, and then the sender 
paid for the letter — and could, wdth a clear 
con-science, make it a.s long as he liked. 

'rherc i.s no place in the world w’hcre three 
cents will buy you so much as at the i>o.st 
office. For that modest sum you can pour 


'I 


Skates, skis, snowshoes, bicycles, automo- 
biles, and airplanes carry the postman. Here 
is one, however, who still uses the good old- 
fashioned method. He walks. 


I>eo|)le it j>asses on the 
9 wav, it will seek out just 
9 the right |)erson and bring 
i I s m essage on 1 y t ( > I h e eyes 
for which it w'as intended. 
Of t ourse there are limes 
« when things may go wrong 
usually bei tUiseyou have 
not adflressed vour letter 
clearlx andtorreillv But 
if voiii missi\e strays it 
will he sent, fir^t of all, to 
the Diiectoiy .Ser\ice, 
wheie a staff ot trained 
cleik‘' ininisiei (jrsi aid to 
letter'^ in disiiess. 'riu*y 

take gre«U j)]ifle in their 
skill, and are juoiid to find 
the Miss Marv Brown to 
whom soriui wag has sent a 
letter addressed to 20 West 
One Minute Street, .New 
\^^rk ('it\ Uaii \ou sohe 
that riddle oi the jMistal 
j clerk.'* The answer is that 
J Miss Brown lived at 20 
ij W’est Si\l\-second Street. 
Often the tangle can be 

es. bicycles, eutomo- ;'l'-.iigl.(fnc(l out and the 
Ty the postman. Here hajiless letter sent on its 
till uses the good old- ,1; _ 

od. He walks. w'ay. But this service on 

“nixie” letters, as they 
are called, costs the government a jireity 
jx?nn). In New York City alone it mounts 
up to five hundred dollars a day. 

The Mystery Letter from China 

Once upon a time a letter arrived at 
San Francisco, having come from China, 
addressed to “Mrs. Hop-Top, Pekin 
Street, America.’' The post office sleuths 
finally delivered it to Mrs. Apthorpe, 
in Beacon Street, Boston. It was from a 
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former Chinese servant, whose English was 
faulty. 

If the csL^c of the letter is hopeless, it goes 
to the Dead Letter Oflice, where millions of 
letters and hundrerls of thousands of packages 
are received every year, and in them millions 
of dollars in valuables, .^nd all because a 
good many ])eople have been careless! At 
the Dead Letter OlTice the mail is opened, 
and if the addre^^ of the sender can Ik* found 
the letter or parcel is returned to 
him. Letters and parcels of no 
value are destroyed, but st«j)s 
are taken to trace the 
senders of checks and 
money orders. Everything 
of value that remains is 
put up for sale at one of 
the ])ublic auctiems held 
four times a >e.ir b'* the 
I )ead T-elter OtVue. 

Since 1H7S the sending 
of mail from nation tc» na- 
tion has been made a good 
d<‘al c*a-«ier by the Inter- 
national Postal I nion. 

Nearly all the countries in the 
world belong to it, and every 
three years sen<l repivsentatives 
to the hea(lf|uarters at Herne, in 
Switzerland, where all matters of 
international postal business are 
disi ussed. We have ma<le an 
agreement with certain foreign 
lands wdiich allows us to send 
letters into those count rie*' at the 
same rale we [)ay on lc*iters that go only to 
the next town. Hut the foreign rate in most 
c'a.sc‘S i.s live cents an ounc e. 

It was in i()i8 that Uncle Sam began to 
send his mail literally on the wings of the 
wind. In May of that year the first air-mail 
line was opened between New York and 
Washington. At first the Post Oflice De- 
partment used its own planes and pilots. 
Hut when the service showed that it would 
be a .success, contracts were let to qualified 
firms w'ith reliable jiilots— in just the way 
that contracts have long been let to railway 
and steamship companies. To-day air lines 
connect all the great cities of the land, and a 
letter can travel from coast to cemst in 


a few hours. It can even be .sped by air all 
the w'ay to Argentina, and reach there in 
a few days instead of seventeen. New York 
is now' in closer touch with Buenos Aires 
than it W'as with Savannah not much over a 
century ago. And in the air-mail service 
there is still need for the same steady nerv'e 
and cool daring as in the days of the Pony 
E> press. 

No wonder the postmaster-general is an 
important man, and sits in the 
jiresident's cabinet 1 Not only 
does his organization handle a 
third of the w'orld's mail, 
with a million and a half 
letters pouring in every 
hour, but the post otfico 
de])arlment does a banking 
busines.s as wtU. Hy means 
of a I )osi al money order you 
may send money anywhere 
in the W'orld. More than 
a billion dollars changes 
hands in this w'ay e\ery 
year. A yiostal note, cost- 
ing five cents, will let you 
send any sum not over ten 
dollars. And if you want to 
start a savings account, I’ncic 
Sam will lake care of it for you — 
and pay you interest at two per 
cent. You may start your fu- 
ture fortune with as small a 
ra-st egg as ten cents. 

Jn other w'avs the Post Office 
Department has constantly 
reached out in order to be of more and more 
use to the j)eo]>le. If the tow’ii or village you 
live in is not very tiny, the mail will be 
brought to vour door every day by a man 
ill uniform. Or if you live in the country, 
away from i^ilies and lowms, the Rural Free 
Dcliverc serxice will bring you your mail. 
Manv millions c'f jiersons get their mail in 
this W'ay every day. 

How to Use the Postal System 

If you have things of value to send, you 
may “register” them and feel sure that the 
government is taking extra precaution to 
make sure that they arrive safely. And if 
you are in a hurry to have your letter or 



The mail you see being 
loaded on this great airliner 
has been brought to the air- 
port by truck Now a mov 
ing belt IS carrying it up 
from the ground to the door 
of the plane. It takes only 
a moment. 



parcel reach its destination, you may send 
it “special delivery*’ by paying cents 
extra. Then a special me.s.senger will carry 
it to the person to whom it is addressed, 
just as soon as it arrives in the ofl'ice to 
which it is sent. It is po.vsible, too, to have 
Uncle Sam take charge of money collections, 
for an article may be sent C.O.D. “cash 
on deli very ’’-“-and then the person receiving 
it pays for it through the jiost office instead 
of paying for it direcl. 

In ii)i2 the Post Office Department went 
into the express business. Under the Parcel 
Post Act merchandise— known as “fourth 
class matter” - may be sent inexpensively 
from one end of the land to the other, and 
if it Ls valuable, it may be insured. Sixty 
{>er cent of the total weight of the mails is 
now parcel post — aivl that means that many 
people can afford to buy from a distance all 
kinds of goofls that they cannot find at home. 
If a parcel post package is sent “special 
handling,” it is speeded forward as rapidly 
as a letter. The parcel j)ost and the postal 
savings bank we owe largel}' to Air. Frank H. 
Hitchc<x;k, who was postmaster-general at 
the time those services were installed. 

The other classes of mail are: first class 
matter, which includes letters, postcards, or 
anything else that is sealed; .second class 
matter, which includes newspa[)ers and othe^ 
periodicals; and third class matter, which 
includes books, pamphlets, circulars, cata- 
logs, and engravings. All these different 
cla.s.se.s are .sent at varying charges. 

Now all this service ct>sts money a very 
great deal of money. In fact, it costs over 
S700, 000,000 a year. And though in the 


.same length of time the postal service handles 
close to 40,000,000,000 pieces of mail, it 
sometimes comes out behind at the end of the 
year, for to handle some of that mail is very 
expensive, and the lo.ss on it may well mount 
uj) to .'^,^0,000,000 in a year’s time. Hut that 
is not a matter that anyone w^orries about. 
Uncle Sam goes into his ])ocket and makes 
up the amount, and considers that it is a 
go(Kl investment. For from his j)oint of view 
the purpose of the i)Ostal .system is not that 
the government may do a driving business 
in postage stamps, but that valuable goods- 
and still more valuable ideas— may be |)as.sed 
about among the people as (jui(kly and as 
easily as possible. For i* is the spread of 
intelligent ideas, and not of wealth and 
luxury, that makes an enlightened and i)ro- 
gressive nation such as we wish ours to be. 
The mails must go through! 

Still another advance was made by our Post 
Ollicc Department when in 1(42 it joined 
with the War and -Xavv departments in es- 
tablishing the V-AIail Service for communica- 
tion with members of our armed forces. A 
sy.slem was set up by which a letter written 
on uniform authorized .sheet'' was j)hot()- 
graphed on if)-millimeter film 15,000 letters 
to a roll — and .sent overseas ^iit top s[)eed. 
At its destination it was printed and de- 
livered in an eiiveloj^c. Over 1,250,000,000 
letters were sent in this way. I'he mails 
must go through I One is reminded of the 
singing words of the (^reek historian Herod- 
otus, who said of messengers in am ient Persia: 
“Neither .snow nor rain nor heal nor gloom 
of night stays these couriers fn)m the swift 
completion of their appointed rounds.” 
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Reading Unit 
No. 9 


WHEN OUR WORDS TOOK WINGS 


Xote: For haste information 
not found on this paqr, consult 
the general Index, VoL 15. 


For stattstiiol and < urrent farts, 
consult the Richards Year Book 
Index, 


Early attempts to send messages 
over electric wires, io-k^5-q 6 
Morse makes an electric current 
carry messages in code, io-<)6- 

97 

The first message telegraphccl 
from Washington, 10- <>8 
Telegraph apparatus, io-(^8-99 


Interesting Facts Explained 

How photographs are cabled, 10— 
94 

The “teletype” machine, 10-99 
Two million miles of telegraph 
wires in the United States, and 
more than 2,000,000 messages 
over them in a year. 10-99 


Things to Think About 


What improvements ha\e bc^en 
made in the telegrajih since 
Morse's ila\ t 

How tan an operator in New 
York make the telegra]ih aj>- 
par4itus respond in San Fran- 


cisco r 

How' did Jt>seph Henry help 
Mor*-e-* 

How iloes elec trie current make a 
circuit in the telegr.iph Mor<e 
dc‘signc‘d ^ 


Name three of the instruments 
which make a telegram pos- 
sible, 10 97 


Picture* Hunt 

How does the Continental code 
differ iiom the Mcirse code? 
10 97 


Related iMaterial 


What is the simplest way to make 
an electromagnet? i 489-87 
What is there in a dry cell that 
makes a current of electricity? 

1 - 493-94 

What was Faraday's great prin- 
ciple? 1—504-6 

What does a dynamo do? i- 
506-8 

Sutnmary Statement 

The telegraph is one of the tricity carry messages for any dis- 
most important ways of coni- tance in an instant, they made 
munication in modern life. When life more comfortable and much 
men found out how to make elec- more interesting. 


What problem did Edison solve 
for the telegraph companies? 

13 -442-43 

How was the electromagnet dis- 
co\ered‘^ 1—503-6, 13—387 
How are telegraph messages car- 
ried under the sea? lo-ioi, 
100 
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L k 

I hoto t y eatern I ni( n T^li^niph C 

This picture crossed the Atlantic by means of a cable stand how a cablegram can be '^clicked” across, but 
stretched along the ocean’s floor. It is easy to under- cabling a photograph sounds like a miracle I 



Photo by Wmtvn Union Tnlacmph Co 


In 1920 the first photographs were cabled across the 
Atlantic. To-day such pictures are common in our 
newspapers, and we are no longer surprised to see 
in prmt a photograph taken thousands of miles away 
only a few hours before. The photograph is first 
mounted upon a turning cylinder. By means of a 
photo-electnc cell — a device which produces an elec- 
tric current when it is exposed to light the light and 
dark parts of the picture are turned into electric cur- 
rents as the cyhnder revolves. These currents are 
amplified, and then pass through telegraph wires. 


telephone cables, ocean cables, or are sent by radio 
At the other end the received currents are amplified 
again and used to illuminate a neon lamp which flickers 
with the variations in current. The neon hght beam is 
focused on a fllm which is on a cylinder turning at the 
same speed as the cylinder at the sending source. 
The beam moves back and forth across the film, thus 
reproducing the onginal image. From this film a 
photographic print can be made, just as it is made 
from any fllm, or the picture may be reproduced for a 
newspaper A bit of such fllm is shown above. 
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Photo hy tba \»tioiiiii Miifleum 


WHEN OUR WORDS TOOK WINGS 


After Alt the Slower Ways of Carrying a Message from One 
Person to Another, We Finally Found Out How to Make the 
Electric Current Do It for Any Distance in an Instant 


\V N if lu‘ has no set, a 

lo\ erof l)asel)all m.iy watch a game as 
it is])la\c‘<l a thousand miles away. 
He ma\ go to a theater or newspaper oflicc 
and see a kind of mo\ing map that records 
e\er\ play as it is made And the news of 
many other haj)penings is brought to us al- 
most before they ttikc place. You would 
think it absurd if the riKjrning newspajicr did 
not tell \ou all the exciting events that had 
taken place in China a few’ hours before, and 
you are not evcui surj)rised when the p.i[KT 
prints pictures taken last night on the other 
side of the country. As for the telegraph 
boy, with his jaunty ca]) and his yellow’ en- 
velopes, you perhaps see liini so often that 
you never think abcnit him at all. 

Yet in 1815 it took two days for the news 
of the great Battle of Waterloo to get frou* 
Belgium to Kngland, just across the Channel. 
In the War of 1812 a great battle was fought 
at New Orleans a good while after j)eace had 
been made — because neither (ieneral Jackson 
nor the British commander knew that they 
were not supposed to l)c enemies any more. 
And long after that, if someone you knew 


had becm.ill in California you w ould not have 
known how’ he w’as getting on for many a 
long day. 

Small W’onder, then, that Samuel F. B. 
Morse, chief inventor of the telegraph, said 
it would ^‘mark an era in human civilization” ! 

Ever since the early days of e.xpcrimcnting 
with electricity, in the eighteenth century, 
inventors had been teased by the idea that 
it ought to be possible to send messages over 
w’ires. If we can send a current, why nc t 
try to make it s*iy something? All sorts of 
odd and complicated sxstems were w’orked 
out. One man used twenty-four wires at 
once, one for each signal he wished to use; 
another .spelled out his message by a series 
of electric shocks to the different fingers of 
the receiving operator. But after scientists 
niscovered how to generate electricity from 
chemicals, and worked out the relation bc- 
tw’cen electricity and magnets, in the early 
years of the nineteenth century, more prac- 
tical systems w^ere invented. Tw'o German 
professors, Gauss (gous) and Weber, put up 
an e.\}KTimental line betw’een their labora- 
tories at the University of Gottingen; and 
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another German, Steinheil (stin'hil) of Mu- 
nich, even devised a recording telegraph in 
which a moving needle marked down its 
message in dots and dashes on a ribbon of 
paper — a system which sounds a good deal 
like that later developed by Morse himself. 
At the same time, in England, 

Charles Wheatstone was devel- 
oping an electric telegraph 
which really worked in 
practice, and which 
was later given a com- 
mercial trial. 

Meanwhile Samuel 
Morse, a middle-aged 
j)ortrait painter from 
New York, took ship 
one day in 1832 on the 
packet ‘‘Sully,’* 
returning to his 
native land after a 
a second term of 
studying art 
abroad. During 
the voyage the 
+alk one night at 
Unner turned to 
the subject of clcc- . , 
tricity. The won- 
der was still new 






idea. He only knew that it haunted him. 
All the way back to America he turned it 
over and over in his head, wondering -how 
he could make the current not only flash 
signals but record messages as well. By the 
time he landed he had made sketches of a 
telegraph. When he left the 
ship he said to the commander, 
“Well, Cai)tain, if you hear 
N of the telegraph one of 
these days as the 
w world’s wonder, re- 
^ member that the dis- 
covery was made 
aboard the good ship 
, ‘Sully.^’' 

So the forty-one- 
year-old painter had 
found a new voca- 
* tioii— to invent a 
' practical tele- 
graph and j)ei- 
suade the public 
to take an interest 
in it. lie had a 
good deal to leain 
to make up for his 
late start; and he 
‘ had* very little 
J money. If he h. id 
not l)een liukv 


in those days, and Lmon irioKniph l)een liu k v 

Morse listened News of births and deaths, of fortunes gained or lost, and many enough to find 

ea^erlv with the messages besides, are sent out by these relenUess ma- jy..«..rous heh) he 

eageny wiin ine gm rous ncip, m 

rest. One of the oval is the machine which sends out the stock quotations which Could never ha\e 
passengers showed appear on ticker tapes over all the country. In the rectangle is seen ihc thing 
' I . ^ the machine that sends a cablegram. ‘i t 

an electromagnet through. 


he had bought in Euroi)e and described some 
of the experiments he had seen in Paris. 
Someone else asked how fast an electric cur- 
rent could pass through a wire, “It is prac- 
tically instantaneous,” was the reply. 

Morse thought of the electrical experi- 
ments of his college days at Yale. He had 
learned there that when the circuit is inter- 
rupted there is a flash of light. And all at 
once it now occurred to him that these inter- 
ruptions might be used as a means of com- 
munication; perhaps an electric current 
might be made to carry messages almost 
with the swiftness of thought itself. 

Now Morse knew nothing about all the 
other people who had had this same brilliant 


7UU9I « wauioKmu. . , i 

through. 

He worked in j)arlncrbhip with Professor 
Gale. Gale told him about Professor Josej)h 
Henry, who had already made an electro- 
magnet suitable for telegraph use and had 
sent signals over more than a mile of copper 
wire in the rooms of a school building. His 
discoveries, which he pul at Morse’s .service, 
paved the way for the telegraph and other 
electrical inventions that followed. 

Then, in 1837, it was suddenly necessary 
to raise tw'o thousand dollars for building a 
telegraph apparatus to show to the United 
States Congress, before it should decide to 
back the Englishman Wheatstone. Morse 
did not have the money. But in the nick of 
lime >oung Alfred Vail came to his rescue. 
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These are the Morse instruments which once were relay, which is used to strengthen the current so that 
used to send nearly all telegrams. To the left is the the message will be **clicked” out on the sounder 
key. which sends the message. To the right is the which is shown in the center. ’ 


Vail said he would 
build the apparatus 
hir a one-fourth in- 
terest Better, he 
made improvements 
of his ov .‘i, M ihat 
some sav the io<le 
svstem we tall 1 )n 
the name oi Morse 
is leallv Will’s 
'I he trial iusItu 
ments were made in 
.1 sec ret room at llie 
\ fill ii onw oi ks 
When all was re.idv 
Will and Moisc 
called in Vail’s 
father. Vail sat at 
the sending board, 
Morse at I he le- 
ceiver. Wiil’.s father 
wrote on a piece of 
pajier, “.V patient 
w. liter is no lose?,” 
and handed tlie pa- 
per to his .son. 
Click, clic'k, clic'k- 
click-elick WTiit the 
sending key, and on 
the instant the re- 
ceiving end had the 
message all recorded 
on a piece c^f paper 
in the dots and 
dashes of the Morse 


code. It really 
Worked I 

But it was another 
nifiltcr to get peojile 
in general ancl Con- 
giess in particular to 
see that it w’ould 
work. Morse tinallv 
got a bill into Con- 
gress allowing thirt> 
thousand dollars to 
build a lelegrai)h line 
toity miles long 
liut while he was 
tr>ing to get the bill 
passed, the long 
months dragged on 
and he grew poorer 
and ]HK)rer. Once he 
went to a pupil to 
ask for some money 
that was due him. 
1 he \ oung man said 
he would ho able to 
pa\ it ne\t week. 

“Xe\t vveekl'*said 
Morse, “I shall be 
dead next week- 
dead of starvation,” 
Would ten dol- 
lars be any use to 
you?” asked the as- 
tonished lad. 

“Ten dollars 
w'ould save my life,” 



The Morse code is still used to some extent in America, 
while a modification of it, the Continental code, is used 
in Europe. To make telegraphic messages go even faster, 
systems were invented to shorten messages by abbre- 
viating words, 80 that what you have is a code within a 
code. A few letters strung together will sUnd for a 
whole sentence; and in this way long messages con- 
sisting of **dots and dashes’* are sent and received in 
a very short time. 
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Photo by Western Union Telesraph Co. 


This is the way the simple Morse telegraph system 
works. When the operator at New York presses down 
the knob of the key, he causes two pieces of metal to 
touch each other, and so closes an electrical circuit. 
The electricity from the battery then flows along the 
wire from New York to San Francisco, coming back 
again through the earth to New York. At San Fran- 
cisco the wire coils around - but does not touch — a 
piece of iron. When the electricity flows around this 
iron core, the iron becomes magnetic and will pull 
another piece of iron toward itself. A second piece 
of iron is attached to a brass bar so placed that when 
the magnetic iron core attracts the second piece of 
iron, the bar will hit against still another piece of metal 


and make a sharp **click.’' So when the New York 
operator presses down his key, the electricity flows 
around the metal core in San Francisco, turning it into 
a magnet which attracts the piece of iron attached to 
the brass bar. The end of the bar then hits the sound- 
ing meUl. When the key is released the coil loses its 
magnetism and the brass bar flies back into place. By 
pressing and releasing the key, the New York operator 
c^ make a series of short or long **clicks.’' Since 
different combinations of these **dots and dashes** 
make up the letters of the alphabet, numbers, or punc- 
tuation marks, a complicated message may be sent 
clear across the continent- and indeed around the 
world — in this way. 


answered Morse. He and his pupil went out 
and had a royal dinner together. Tl was 
Morse’s first meal in twenty-four hours. 

Morse kept on hammering at Congress, 
till he got the reputation of being a harmless 
though annoying crank. On the last day of 
the session, the bill passed the House -but. 
it stuck fast in the Senate. Late in the eve- 
ning, he gave up hope, and dragged himself 
wearily back to his room. After he hacl paid 
his board and lodging, he would have just 
thirty-seven cents left. 

The very first person he saw next morning 
greeted him with congratulations! It was a 
Miss Ellsworth, daughter of a friend, come 
to bring the joyful news that the Senate had 
passed the bill after all, in the closing minutes 
of the session. 

'Tf that line is ever completed,” promised 
Morse, *‘you shall send the first message 
over it.” 

And that is how it happened that on May 
24, 1844, Miss Ellsworth sat at the trans- 
mitter in the Supreme Court room in the 
Capitol at Washington and sent to Alfred 
Vail at the other end of the line, in Baltimore, 
the famous message, chosen from the Bible: 
•‘What hath God wrought!” 


Morse himself lived long enough to see his 
telegraph dcveloj) into a network of com- 
munication over America and Kur()j)e and 
even reach into Asia. He lived to see the 
laying of the first Atlantic cablt;^ Even more, 
perhaps, than at the wealth and honor that 
came to him, he must have rejoiced at the 
way his dream was coming true before his 
eyes — his dream that the telegraph would 
“mark an era in human civilization.” 

It was really his dream more than anyone’s 
else; for the modern telegraph developed 
pretty much on llic basis of Morse’s work. 
But many astonishing improvements have 
been made in the telegraph since Morse’s day. 
Morse’s apparatus, for example, weighed 
about three hundred pounds, and that used 
to-day weighs about three. 

Much more important is the number of 
messages we can now send over a wire. At 
first, of course, it was miracle enough to send 
one. But in 1872, just about the time of 
Morse’s deatn, J. B. Stearns found a way to 
send one each way at the same time — the 
duplex system. The next year Thomas A. 
Edison — who had his finger in nearly every 
electrical pic—invented a way of sending 
♦wo ea':h wav at the same time — the quad- 
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rui)lex system. To-day, by the multiplex 
system, wc can send as many as eight mes- 
sages on .a single wire at the same time. 
Operators type the messages on a keyboard 
much like the one on a typewriter. As a 
key is struck, holes are punched in a narrow, 
moving* paper tape, with each letter or 
character represented by a special arrange- 
ment of holes. As the tape passes through 
the transmitter, electrical impulses arc sent 
over the wire to the receiving machine, whkh 
translates them l)ack into characters. The 
message is printed on moving tape and stuck 
on the yellow paper you receive at your door. 
Nearly all telegrams are ik.w sent by auto- 
matic machine -either in this way or, if the 
circuit is short, by the telegraj)h typewriter 
shown below. 

Of course these devices mean much cheaper 
and swifter service. By the old method 
one could hardly learn to send more than 
forty words a minute, but the machines can 
send ten tunes that many. Still greater 
speed is gained by whal i.^ known a.s the 
carrier system. By the use of a great many 
different tones and fre(iuencies as many as 
2SS telegrams can be .sent at the same time 
over a single pair of wires. Formerly there 
was often delay when a nies.sage had to be 
relayed at large centers. Now it can be 
hurried along l)y means of the rei)erforator 
switching .system. A telegram is received in 
the form of perforated tape, which is switched 
at once to an outgoing line and sent on auto- 
matically to the city that is its destination. 

More amazing still is the Telefax, which 
sends a message you have written out by 
hand and dropj)ed into a .slot. It auto- 
matically wraps your telegram around a re- 


volving cylinder and sends it over the line 
to a receiving machine. When it leaves the 
machine it is an exact picture of the message 
you sent. This last invention makes the 
telegraph live up to its name, which is merely 
Greek for “far writer.’^ From this inven- 
tion it is only a step to sending pictures by 
telegraph -that is, by telephotography. 

And even this is not the end, for the tele- 
graph is invading the air waves. Many of 
the familiar poles and lines will be giving 
way to super-high-frequency radio relay 
systems, with broadcasting tow'ers some 
thirty miles apart between the chief cities. 
The messages can be sent by radio with less 
danger of interruption from storms, electrical 
disturbances, and falling trees. It will allow 
over a thousand operators to send telegrams 
all at the .same lime over a single beam in 
one direction, and the equipment mW cost 
a good deal less. 

There arc more than 2,000,000 miles of 
telegraph wires in the United States, and 
well over 200,000,000 messages go over them 
in a year. Besides that, there arc all sorts 
of little telegraphic systems w'hich wc hardly 
think of as telegraphy at all. The ticker 
tajx^ on which is printed the latest prices 
on the slock exchange rolls out its fateful 
length ill business offices from New York to 
San Francisco. Many thousands of clocks 
in the Fnilcd States are regulated by tele- 
graph Irom the Naval Observatory. City 
tire-alarm systems and police alarms are 
really special kinds of telegraphs. 

So the next time you see the telegraph boy 
with hii> yellow envelopes, try to imagine 
whal a different world this would be if there 
had never been such a job as his to do. 


This clever device is com- 
monly called a “teletype” 
machine. If you and a 
friend of yours each owned 
one, you could write mes- 
sages to each other that 
would be received in no 
time at all even if you were 
miles apart. You could even 
write to your friend while 
he was out, for he would find 
the message waiting for him 
when he returned. 


The motor of your instru- 
ment and the motor of your 
friend’s instrument must be 
“synchronized**— that is, 
they must work together, at 
exactly the same speed. 
Suppose you tap out “a** on 
your machine: when your 
machine registers “a,** an 
impulse runs along a wire to 
your friend*8 machine, which 
is also registering “a,** and 
which then writes it down. 


Photo by D«ll Telophooe 
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Summary Statement 


The messages of the world con- 
stantly flow through the cables 
that lie, like great armored 


snakes, at the bottom of the 
CKTcan — a lasting monument to 
human perseverance. 
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In this picture, painted by Daniel Huntington, all the 
leaders in the laying of the first Atlantic cable are 
gathered together, at the home of Cyrus Field on 
Gramercy Park, New York City Standing back of 
the table are David Field, with a law book, Chandler 
White, leaning forward with an expense account; 
Samuel F. B. Morse, the great electrician and m- 


ventor, and Daniel Huntington, the artist himself. 
The three who are seated are Peter Cooper, president 
of the company, Marshall O. Roberts; and Moses 
Taylor. Of the two standing at the right of the table, 
the one behind is Wilson G. Hunt, and the other is 
Field himself. He is pointing out on a chart of Trimty 
Bay the spot at which it will be best to land the cable. 


WORDS under the WAVES 

The Story of the Laying of the Atlantic Submarine Cable Is One 
to Make the Human Race Proud, for It Is a Story of a 
Marvelous Dream That Came True through the 
Untiring Perseverance of the Dreamers 


E N THK Idle sumnu'i of i8sS, Lngla ^ 
and America ^\c^e all agog with the 
biggest piece of ne\Ns that h.ul been 
heard in many a day. It llew along the new- 
fangled tolegrai>h lines that in a decade had 
spread a network over Europe and the United 
States. It traveled in h Iters and newspaixTs 
out beyond the wdres to the end of the railwa> 


in the Nebraska prairie It rode in tlie mail 
bags ol the Pony Express from St Josepli to 
Sacramento, and sped round the Horn with 
the thing clipper ships bound for California. 
And the great piece of news was the fact 
that pt'ople in the United States w’ere sending 
messages to |x?ople in England over some two 
thousand miles of wire laid at the bottom of 
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the sea. Men of thirty were speaking with Ahlini (iil 
awe of the wonders that had come to pass wire laid 
even in their short lives — steam railroads Several y 
where there had been only stage coaches; communic 
steamships beating even the fastest clippers laid undei 
across the Atlantic; the mysterious force of In the c 
electricity trained to carry messages along the Unite 
telegraph wires over land. And 
now this, surely the crowning 

achievement of man’s invention history of modern communi- 
and perseverance! father of the telegraph; in 


cation. At the left is Morse, 
father of the telegraph; in 
the center is Bell, opening 
the first telephone between 





There werejN 

, . • Mk ihe first telephone betwee 

great doings in m New York and Chicago; an 

Ww Vnrk nnri at the right is Field, who, in 

.\ew York ana overwhelming 

London. Honors odds, forwarded the project 

were heaped on * iSantic*^^^** 

C>TUS W. Field, 

the American mMhIII 

business man who 

had seized upon 

the idea of con- 

necting the two WH 

continents with | 

wires, and had 

kept at it through 

thick and thin 

mtil this day of triumph. In 1 

England there were banquets 

and orations in honor of Professor ^ “ / 

William Thomson, the genius who 
had been chief electrician of the 
enterprise, and of young Charles Bright, the 
twenty-sLx-year-old chief engineer. Bright 
was knighted for his accomplishment. Queen there wei 
Victoria sent a gracious message of congratu- mark an 
lation to President Buchanan, expressing the and San 
hope that the cable w’ould bind still more North A 

closely the friendship between the two coun- depth of 

tries. President Buchanan’s rejily was in of the trt 
the Queen’s hands only a few minutc*s after be nccdci 
it left the White House. imamnal 


Aldini (iil-de'ne) had sent messages dlong a 
wire laid under the River Marne in France. 
Several years later, two (Jerman scicijtists 
communicated with each other over a wire 
laid under the river Iser. 

In the days when it seemed to Morse that 
the United States Congress never would 

men h s mind to vole the 

fs live in the for his telegraph, he had 

n communi- gone out one moonlight night and 
fiegraph; in had laid two miles of cable under 
York harbor. Next murn- 


New York and Chicago; and ing he had even sent a few words 


Phor.M by Me Iff irMflitau M 


verwhelming suddenly 

1 the project slopped working— a ship had 
I across the , , , * . , . 

:ic. come along, cut the wire with its 

^ anchor, and jjroceeded on its w ay. 

The year after Morse built his 

telegraph line between Washing- 

^ ton and Baltimore, E/ra (Cornell 

f id a cable underneath 
the Hudson from 
Fort Lee, New Jer- 

it workc<l well until 
the winter’s ite 

'^middle of the 
r‘'^5o’stelegraj)hir 
(.liijles conni*f"te(l 

Great Britain 
with Holland and 
(Germany, and 
there were cables in operation between Den- 
mark and Sw'erlen; between Italy, Corsica, 
and Sardinia; and between Sardinia and 
North Africa. But little w'as knowm of the 
depth of the Atlantic, and the very thought 
of the tremendous length of cable that would 
be needed to cross the Atlantic staggered the 
imagination. 


The Very First Cables 

No wonder there w’as marveling and re- 
joicing. Many a weary hour’s w^ork, many 
thousands of dollars, and many blasted hopes 
had gone before. Men had been working on 
the idea of under-water telegraphy for a long 
time even before Atorsc in America and 
Wheatstone in England had arrived at their 
successful land telegraph instruments. As 
far back as the year 1803, a man named 


Then sounding ships established the fact 
that there is in the oce;in between Ireland 
and Newfoundland ‘‘a gently undulating 
plain,” at an average depth of tw^o and a 
half miles. Alatthew F. Maury, an American 
naval lieutenant and a great student of ocean 
beds, winds, and currents, said that this plain 
was “apparently placed there for the express 
purpose of holding the wires of a submarine 
telegiaph and keeping them out of harm’s 
way.” But Maury added a warning: “I do 
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I l-i tu by Kmhvitz 

When the **Great Eastern” steamed out on her second 
attempt to lay a cable under the Atlantic, she carried 
along enough cable to lay a complete line and to fimsh 
the one which had broken on her first tnp, besides. 
But she did not have all the ingemous implements we 
have now to help us find the ends of broken cables. 
So though on this second tnp she succeeded in laying 
one complete cable from coast to coast, it was not 


until after many tnals that she finally picked up that 
broken end. She did it at last, however, and m our 
picture she has hauled a coil of it on deck m triumph, 
to splice another piece to it and extend it the rest of 
the way across the ocean as a partner for cable number 
one. For the more cables we have, the less likely 
are they all to go dead at one time. There are now 
twenty-one between Europe and Amenca. 


not, ho\\e\er, iircUiid to tonsukr the qucb- 
tion as to the possibilil} of hiiding a time 
calm enough, llie sea smooth enough, a wire 
long enough, or a ship big enough to Li\ a 
coil of wire sixteen hundrc<l miUs m length,” 
There were plent\ of scientists to sa\ quite 
flatly that all these things were impossible, 
and to let the whole scheme for a transat- 
lantic cable go at that. 

Cyrus W. Field 

But luckily there was C\rus W field 
He was not a scientist, an electrician, or ^ 
inventor; he wms a successful business man. 
But he had money, im.igination, and per- 
sistence. He behoved the thing could be 
done, and he had sense enough to get experts 
to help him. He consulted Morse, who told 
him he was sure it could be done Then he 
went to England, where he entered into an 


agieemcnt with John W Brett and Charles 
Bright, w1k» had alrcad\ been successful m 
la\ mg shoi ter submarine cables He engaged 
the serMces of other men who had distin- 
guished themseKes in eleetncal work, and 
he was able to Imd people who would put 
mone> into his pioject, w ild though it seemed 
to most men. 

B\ Tebiuary, 1857, the first cable was 
being made It was to be laid from Valencia, 
Ireland, to Trinity Ba\, Newfoundland, 
I 040 nuilieal miles awa\ or 1S88 land, 
01 statute lu.los \n ann/ing quantit\ ol 
materials is netessar\ to build a trans-Atlantie 
cable It Itikes 60,440 statute miles ot iron 
and ''teel wire I hen OyS tons of eopiier and 
!;i0 tons of gutta pereha are required Add 
to these Items i 9 ,osb miles of ])ermallo\ 
lajKs, 3,444 of cotton tapes, and 64,000 of 
brasb tapes. And then finish off the list 
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Here is the famous steamship “Great Eastern/' which is now best remembered. But in her day she was 
has the honor of having laid the first Atlantic cable famous even before that, for she was the biggest 
that proved permanent. It is for this feat that she steamer which up to that time had ever been built 


for good measure Special ships and special 
machiner\ had to be jirovuled so that the 
cable could be paid out as the ship sailed 
The British go\ernment knt one ot its war- 
s>hips, the “ Vgamemnon, ’ and the United 
States lent the “Niagara,” the finest trigate 
in the navv Ihesc, with s<jme small at- 
tendant ships, made up what came to be 
called the Wire Squadron 

The First Tragedy of the Atlantic Cable 

After suitable ceremonies and celebnitions, 
the squadron sailed on August 5, One 

great coil of cable was in the hold of the 
“Niagara ” Half\\a> across, when that coil 
w'as all paid out, the end of it was to be 
spliced to the beginning of the (oil that the 
“Agamemnon” carried "Ihe British ship 
would then proceed to New foundland, pa\ing 
out cable as she sailed For fi\c fla>s the 
anxious men on board the “Niagara” listened 
]o> fully to the music of the pa> ing-mac hine 
grinding out the cable. Then, after 380 miles 
of it had been laid, the cable snapped All 
that work and all that money wasted* There 
was nothing to do but turn back and wait 
for winter to pa.ss before making another 
effort. 

More money had to be collected from a 


public that had grown cold to the whole 
proicil Sonuhow il w is dom , and tailv 
the next sumnur the Win S(|uadion sailed 
awa\ again, this tinu witlioiit aii\ cdcbia- 
tions at all Ihe table w is to he split id in 
mid- VtlantK , before an\ of it was hid, and 
then the “\iagaia was to sail lor New- 
foundland and the “Agamemnon” for Va- 
lencia Communications ( oiiUl ])e ktpl up 
between the two shij)s as long as I lit cable 
was unbroken On the w i\ out the ‘ \ga 
memnon,” weighted with 2^0 tons of cable 
m her fore jiart, ran into <i teirilic storm that 
lasted a week, injuicd a number of the crew, 
and all but sank the shij) But she came 
through to the meeting place, the table was 
spliced, and the ships stalled off in opposite 
directions Messages passed back and forth 
between them until the> were log miles 
apart 1 'hen the mcss.iges stopped The 
cable had broken again* 

Danger of Whales and Icebergs 

Both ships sailed for Queenstown, with 
things looking desperate indeed But Field 
and his associates actually persuaded the 
directors of their c(*mpany to make still an- 
other attempt Five days after it had come 
into Queenstown, the Wire Squadron was 


104 






CABLES 


On this page are scenes in the laying 
or mending of cables. The “Agamem- 
non’* (A) was the Bntish warship 
which worked ^ 
with the Amen- 
can “Niagara” 
in laying the 
first Atlantic 
cable The 
picture at £ » y 

s h o w s a \ 

cable being 

landed in j| 
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Great heroism and skill are sometimes needed to re 
pair a cable that breaks In 1932, for instance, an 
underseas earthquake broke ten of the twenty one 
cables connecting Europe and America Cable ships 
such as the “Lord Kelvin” B and the “Cyrus Field” 
(C hastened to the scene, in spite of the stormy 
weather The electrical deep sea sounder (D helps 
the experts on such ships to find the broken 
ends When an end is fished up \\ith the deep 
sea cutting grapnel F), it is attached to a 
buoy (C) and left to float until the other end 

IS found and spliced to it C 
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bound for the mid-Atlantic once more. The 
cable was spliced, and the ships began their 
journey again, with their paying-out ma- 
chines grinding away like coffee mills. Once 
a huge whale sent everyone's heart into his 
mouth by grazing the precious cable, but he 
did not break it. Another lime there was 
grave danger from an iceberg. Once an 
American frigate headed across the stern of 
the “Agamemnon” from which the cable was 
reeling off into the sea. It was driven off by 
the energetic barks from the guns of the 
attending “Valorous.” The cable held. 

Messages across the Atlantic 

On August 5, 1858, exactly a year after 
the first venture, the “Agamemnon” landed 
her cable at Valencia. A little later a message 
came through the wire saying that the 
“Niagara” had brought hers ashore on New- 
foundland. And so there was reason for 
banquets and rejoicings on both sides of the 
Atlantic that summer. 

But the rejoicings were short-lived. About 
two months later, after some seven hundred 
messages had been sent back and forth be- 
neath the weaves and men had begun to 
believe that the wonder was actually true, 
the cable ceased to work. 

Now Professor Thomson — the great sci- 
entist who later became Lord Kelvin- and 
other experts had given warning that the 
cable was not stout enough. Water is itself 
an excellent conductor of electricity, and an 
electrical current passing over a wire in water 
sets up in the water itself currents going in 
the opposite direction. This slows up and 
weakens the current in the wire. Not enough 
allowance had been made for this pull of the 
\vatcrs. The cable had not broken; it had 
simply gone dead. Still, the worst was really 
over: the cause of the trouble was knowm. 
And it had been proved that a cable piore 
than two thousand miles long could be laid 
on that plateau in the ocean bed between 
Ireland and Newfoundland. 

Field and his associates started all over 
again to raise money and make a better cable. 
Now they had against them not only the 
public unbelief but the confusion and strain 
of the Civil War as well. Yet they hung on, 


and by 1805 a new company had been formed 
and the “Great Eastern,” just then tlie 
heroine of the seas because she was the big- 
gest steamship that had ever been built, 
started out with a stronger cable. It was 
2,300 miles long and weighed 4,000 tons. 

Even this cable lirokc. But another w’as 
sent out on the siime shi]). And on July 27, 
i860, real ami lasting success crowned all 
the years of heartbreaking effort. Since then 
cable messages have tlown back and forth 
beneath the waves every day. 

We are so used to marvels in our day, 
when business men of New' York and London 
call each other up by wireless telejihone 
casually of a morning, that it is hard for us 
to realize what an achievement it was to lay 
that first Atlantic cable. We may even for- 
get the marvels that the submarine telegrajih 
itself does every day. Yet there are now 
not one but twenty-one cables under the 
Atlantic between North America and Europe 
alone, and in the whole w’orld there arc some- 
thing like 300,000 miles of cable under w'ater. 
As with the land telegrapli, more than one 
message may now' be sent (►ver the wires at 
once, and speed and cheapness have made 
cabling much more practical and populai. 
Its present cost is amazingly •small. 

How a Cable Is Made 

All through a cable, from shore to shore 
runs a core of copper wires the telcgra[>h 
line itself. These arc inclosed in a sheet of 
gutta percha or synthetic materials 'I'hen 
there is a i ushion of jute varn, around whi( li 
an armor of steel wires w'ound spir.ill\ 
Outside the steel-wire armor are two winding-, 
of jute which are tarred. Except for the 
part of the cable to be laid in very deep 
w'atcr, there is brass tape around the gutta 
percha near the core; this is to protect the 
telegraph from little creatures of the sea, 
such as the teredo w'orm, who like to bore 
holes in such things as cables. 

So the cable lies, like a great armored 
snake, along the hills and valleys of the 
ocean. Dreamlike undersea gardens bloom 
about it, and outlandish fishes brush it with 
their fins. And through it constantly flow 
the n.essages of the world. 
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Reading Unit 
No. 11 


HOW THE WIRES CARRY WORDS 

IVotc: For haste information For statistical and < urrent \at ts, 

not jonnd on this page, consult consult the Rif hards Year Hook 
the general Index, Vol. 15. Index. 

Interesting Pacts Explained 

The first telephone tonversation, work, io-n2 

10 109 'I'he first telephone exchange set 

The principle on which the tele- up in Xew Haven, 10-112 

[)hone works, lo-iio The first coast-to-coast tele[)hone 

How Reis and Bell experimented calls made in 1915, 10 113 

with the telephone, 10 110 Telephone calls across the ocean 

How Bell proved to distinguished made for the first time in Janu- 

men that the telephone would ary, 1923, 10 113 

'Phings to Think About 

How’ are voice sounds strength- duce the exact sound of your 

ened when they grow faint from voice? 

traveling over* long distances? What ha"- been done with tele- 
How does the telephone repro- phone wires in our cities? 

Related Material 

What was the first electrochemi- low the surface? 10-522 

cal device? 1-496 How do some theaters provide for 

How arc telephones made? i— deaf petiple.'' ii— 510 

518-20 Why are gutta-percha and brass 

How can a diver talk to men on tape used in making submarine 

board ship while he is still be- cables? 9 -309, 10—106 

Practical A pplications 

About how many telephones are Why did many of the smaller 
there for every humlreil per- telephone companies sell out to 

sons in the United States? 10- the Bell System? 10-113 

”3 

I.eisure-time A ctiin'ties 

PROJECT NO. i: Make a of Bells early telephone, lo-i 10- 

string telephone, i -447 

PRO JEt'T NO. 2 : Make models 

S u m mat j Stat e ment 

Although at first the telephone long-distance calls became possi- 

did not interest the public much, ble. Now our voices can be heard 

it w'as a wonderful invention. over the telephone in distant 

When wavs were found to lands, and the business of the 

strengthen the sound of the voice, world is greatly speeded. 
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This is a dial telephone * 'switchboard” in the central phone,” or hand set, and combines transmitter and 

office. But where, you may ask, are the girls with receiver in one piece. 

head phones who once sat in every central office? Of course operators are still necessary, for no ma- 
They are there, but since the invention of the dial chine yet invented is entirely independent of man. 

»stem we no longer rely on them to get our numbers. As a matter of fact there are more operators now than 
^he mechanism will do that quickly and accurately, ever before. "Information” is still an operator, not 

The most important part of this new equipment con- an electromagnet, and operators still put through long 

sists of electromagnets, which can pick out your partic- distance calls. Teletype, picture transmission, radio 

ular telephone line from the ten thousand which a telephony, all those marvels of modem life pass through 
switchboard like this controls. When you lift the switchboards like this one. The automatic switching 
receiver of your dial phone a current flows into your system is a fairly recent improvement. A United States 
line and a mechanism at the switchboard starts sliding patent for one was issued as early as 1879, but it was v, 

over the terminals of a group of lines until it feels not until 1889 that A. B. Strowger invented the system 

yours. Instead of the "voice with the smile” you hear which, a good deal improved, is now in use. And it 

a buzz, and when you dial a number, at every click a was not till 19a z that the first complete automatic ez- 

pulse of current passes through some electromagnet in change was put in operation. To-day a large proportion 

the mechanism in the central office. That mechanism of the switchboards in this country are automatic, 

puts through the call. The telephone pictured above, Especiady, they have been installed in a good many 
which is in common use to-day, is cdled a "cradle large cities. 
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THE TELEPHONE 



I'lKitn )•> \llirlKi |(l ^ Itl (o 


HOW the WIRES CARRY WORDS 

Tens of Millions of Telephones in This Land Will Let You Talk 
to a Cousin around the Corner or a Friend across the Sea 


K. WAl'SON, come here. I want 

\<)U ” 

I he speaker ns as in llie attic work- 
shop of his hoarding' house and Mr. Watson 
was in a loom d(»wn the hall Seconds later 
he \\4is in the workshop, (Mil of hrealli will) 
e\( ilement 

“Mr. lull'” he shouted. ‘*I heard ewery 
word vou said dislintll} !” 

This was the first me.ssage e\Tr sent o\er 
a telephone. 

The year was 1S70, the place was Boston, 
and the inventor, standing there ])ale an<l 
(lark and excited, was a young Scotchman 
named Ale.xander Grali.iin Bell. He and 
Thomas Watson, his assistant, had bevn 
working j)atiently for many months before 
that momentous da> in March when Bell’s 
voice from the attic sent Watson plunging 
brcathle.ssly for the stairs. 

Young licll had been interested in study- 
ing the human voice ever since he ccmld 
remember. He was born in Edinburgh, in 
1847, the son of Alexander Melville Bell, w ho 
was well known for his system of teach- 
ing deaf and dumb people to talk and to 


understand the speech of others. Graham 
and his brothers learned a great deal from 
their f.ithei, and liked to make exi^erimcnts 
for themsehes .\t one time they made a 
speaking machine. One brother made lungs 
out of a bellows uiui vocal cords out of rub- 
ber. Graham got hold of a skull, moulded a 
tongue for U out ot rubber stuffed with ccU- 
lon, and made the soft |)arts of the throat 
with the same materials Then he arranged 
joints so that the jaw and tongue could move. 
At last the> put the wliole thing together, 
and sent air through the bellows. “Mama! 
Mama I” the thing sejuawked to the \a^t 
delight of the ])rou(I \oung inventors. 'Fhcy 
put the creature on the stairs of the apart- 
ment, hid behind a tloor, and made it cry 
out. What was ‘heir joy to see a lady come 
out of another apartment, look all around in 
bewilderment, and say, “Mercy, who has left 
a baby on the stairs.'^” She never found out. 

When (iraham grew* older, he became his 
father’s assistant, and w^as well known him- 
self for his work for the deaf. He w^orked 
hard at improving his father’s system of 
“visible speech.” The first article he wrote 
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was about what happens in the mouth when 
we make vowel sounds. 'Fhis article his 
father sent to a friend, and through the 
friend Bell heard about the work of the Ger- 
man scientist, Helmholtz. Helmholtz had 
made tuning forks sound by means of an 
electromagnet, and had even tried, by com- 
bining tun- 
ing forks of 

different B J 

to re- 
produce 

the human 
After 

though Bell 
never gave 

up his work « 

for the deaf, 

more and 
more inter- 

ested in this ^ 

notion of re- | 

nroducing 

by 

electricity. , , . 

Bell knew, 
too, of what 

Ger 1 elep^^on^ 1 aiMiialoritHi 


in the receiver held to the ear of the person 
to whom you are speaking. When the mag- 
net vibrates the disk in the receiver, sound 
vibrations arc produced which are just like 
the words spoken. So you say, '‘Hello, Jack! 
how’s everything?” and like a Hash the words 
turn into electric current, dash over miles of 

wire, and 
turn into 
B words again 

every- 
^ thing?” And 

J. almost be- 

y ^ o r e you 

I have stop- 

E ped speak - 

ing^ Jack an- 

W^^fllEEEEi sw'crs, “Oh, 

EHH Ihic. When 

EEBEE^^^L.^^ BHH com- 

mjWjH hig over?” 

1 wll f ^ 

^|E|^^^H[|[||[|||B ne\er got 

far as 

BBEBEBBHBEHEEEEB^ words. 

He hollowed 
out the bung 
. .s 2 of a barrel 
and covered 


man Qn’pn *® * model of Alexander Graham Bell’s first telephone instrument the 

. one through which speech sounds were first transmitted electrically, in 1875. noiiow 

tist name^l This device works on exactly the same principle as our telephones do to-day — over with a 
Kcis (ns; bit of sau- 


had done. Reis had had the idea of making 
sound strike against a disk or metal plate 
and set up vibrations that would make and 
break an electric current. Then he wanted 
to use this current to set up in another piece 
of metal vibrations exactly like those that 
had made the current in the first place. If 
he could do this he would, of course, re- 
produce exactly the original sound. 


rinciple as our telephones do to-day — over with a 
ent it looks! , r 

bit of sau- 
sage skin. 'I'his made a diaphragm that would 
vibrate to sounds that struck against it. I’o 
this he fixed a strip of iilatinum wire, and as 
the metal rose and fell with the vibrations 
of the diaphragm, it made and broke an 
electric current. This was the sending instru- 
ment. The receiver was a knitting needle 
with a coil of wire about it to make an electro- 
magnet; it was placcfl on a violin as a sound- 


How the Telephone Works 

Now this is almo.st the principle on which 
the telephone works. When you telephone 
to-day, your voice sends sound vibrations 
against a thin metal disk in the transmitter, 
or mouthpiece. These vibrations produce 
changes in an electric current, which is car- 
ried along a wire until it influences a magnet 


ing board. So far, so gouil. He had made a 
sort of telephone, for the word comes from 
two Greek terms meaning “far sound” or 
“sound at a di.stancc.” But the sounds in 
Reis’s telephone were not separate words, 
and so did not do anyone much good. 

Ai-d now young Bell would work the idea 
out and make it more practicable. In 1870 
the Bells moved to Canada, and in a year or 
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two Graham was in Boston as an instructor 
in a school founded to teach the deaf by the 
Bell method. He had a private class to teach 
other teachers, too, and lectured at Boston 
rniversity. He lived for three years with a 
relative of Thomas Sanders, a wealthy I faver- 
hilL merchant, and taught Sanders* small 


edge, Henry had said simply, ‘‘Get it!** That 
was cncouragenucnt enough for Bell, and he 
went to work with a will. Besides, Watson 
knew a good rleal about electricity. 

The Hard Road to Fame 

So they worked harder and harder, and 



Bell got poorer and poorer. Mr. 
Sanders and Mr. Hubbard were get- 
ting a little tired of helping the young 
dreamer who did not seem to be get- 
ting results. And Mabel’s father did 
not want her to marry a penniless 


This picture of Alexan- 
der Graham Bell was 
taken in 1876 — the year 
in which he patented his 
invention. On either side 
of him are hi« tj a . itter 

and receiver. In July, 
1874, while vacationing 
in Brantford, Ontario, he 
had worked out a clear 
idea of the theory of his 
great invention. 


son, ulio harl been born deaf 
anil dumb, to s[)eak an<l under- ' 

stanil “\ isible speech. ’ He also 
helped leach Mabel Hubbard, 

\ch() had lost her he.iring and speech when she 
was a little girl, d'hese two pupils were \er\ 
important in Bell's life and in the history 
of the tele|)hone because their grateful 
fathers linaiued his experiments; besides, he 
married Mabel Hubbard. 

Guarding the Great Secret 



Fhut<M by BHI Telci>liuike Laboraturiea and ttie 
Nntiuual Mumuui 


^ would-l>e inventor. But al- 
/ ready an instrument had 

/ been made to carry the sound 

of a j)! licked reed along a wire into 
another room, bell was sure it w'as 
only a matter of time before he 
w’ould succeed, riien came the great day in 
Marih, itS/' when Bell summoned Watson 
by telephoi.t 

Not that their troubles were anywhere 
nearlx (,cer, even then! Mr. Hubbard 
wanted Bell to exhibit his new invention at 
the (Vntennial Ex]M)silion being held that 
year in Philadelphia. In spite of all his 


As Bell’s great idea grew in hi.s mind, he 
gave up all his i)ui)ils but these two, and 
worked hard, along with Watson, in his 
Boston w^orkshoj). He was afraid someone 
w^ould steal his experiments. So he worked 
in secret, and bought his supplies in differen. 
shops— a bit of wire here, a piece of metal 
there— so that nobody might suspect what 
he was doing. He knew much more about 
sound than he did about electricity. But 
when he had talked with the aged inventor, 
Joseph Henry, about hi-s experiments, and 
had confessed that he lacked electrical knowl- 


efforts, and even though he was one of the 
commissioners of the exposition, the be.st 
location Mr. Hubbard could gel for Bell 
was in a corner under the stairs. When it 
came time for him to go to Philadelphia, 
Bell did not have enough money to buy his 
train ticket. Mabel Hubbard’s tears of 
bitter disappointment made him the more de- 
termined to go. In llie end, ticket or no 
ticket, he jumped on the train and went. 

So one Sunday afternoon he found himself 
standing near his corner under the stairs, 
hoping that the judges who were rating the 
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exhibits that afternoon would not pass by 
his “improvement on the telegraph.” His 
heart sank when they pauseci only a minute 
before the odd-looking instrument and then 
seemed about to move on. After all, besides 
being tucked away in a corner, his precious 
invention had only eighteen words in the 
catalogue; and as for 
improvements in the 
telegraph, did not the 
Western Union have a 
breath-taking exhibit 
of telegraph instru- 
ments which could 
actually print? 

Just then, like a 
prince out of a fairy 
tale, there came on the 
scene a distinguished 
foreign visitor, Dom 



Pedro II, emperor of 
Brazil. 

“Why, Mr. Bell,” 
he said, coming up 
with outstretched 
hands, “what arc you 


PhoUM by Aiuencan T«l Aid ( « anJ IIpU Tnlcplione I aburutont^ 

At the top is a view of Broadway and John Street in 
New York City as it looked in iSgo; and at the right 
is a view of the same spot as it looks to-day. What 
has happened to the poles and wires? They have been 
bundled into cables and put underground. At the left 
is a cross section of one of these cables. It contains 
x,8oo wires. Imagine how a street would look if these 
wires were strung on poles overhead ' 


doing here? W’hat a pleasure to see you 
again!” And he explained to the others that 
he had met Bell in Boston, when he w’;*'^ 
thinking of setting up in Brazil a school for 
the deaf patterned after the one where Bell 
was teaching. 

So Bell had the ears of all the judges as he 
explained his invention. Then he gave Dom 
Pedro a receiving instrument, and himself 
took up a sending instrument at the end of 
a wire strung around the big exhibition room. 
When the words came through, the Empeior 
nearly dropped the receiver, exclaiming 


“Good Heavens, it ialks/” All the judges 
had to try it after that. Joseph Henry was 
there, and the Englishman, Sir William 
Thomson, just then perhaps the most noted 
electrical engineer in the w’orld, on account 
of his part in the laying of the Atlantic cable. 
Thomson said, “It is the most wonderful 
, thing I have seen in America.” 

So many other people had been work- 
ing on similar ideas that Bell’s patent on 
his device led to no less than six hundred 
lawsuits to decide who really invented 
the telephone. They w'erc all decided in 
Bell’s favor. 

Vet for a time the public was not much 
interested in telephones. The London 
“limes” called Bell’s invention “an 
American humbug, 'and a staid techni- 
Ctd paper was sure 
that “nobody would 
caie to trust impor- 
tant messages, some- 
times involving life 
and death, or thou- 
sands of dollars, to 
being sent in su( h a 
manner.” The West- 
ern Union Telegraj>h 
Com])<my refused to 
buy Bell’s j)atenls, 
considering his price 
of $100,000 too high 
But the same n en 
who had financed 
Bell’s experiments 
now’ formed the Bell 
Teleijhone Gomj)any, 
w'hich was soon to 
grow into a vast s>s- 
tem. At first the telephones had to be 
rented in pairs, and you could talk only 
with the person who owned the other half 
of your pair. In 1878 the first telephone ex- 
change was set up, in New Haven, with 
twenty-one subscribers. By that time mes- 
sages could not only pass among any of the 
twenty subscribers to the exchange, but long 
distance telephoning had begun. The night 
Bell and Watson managed to make them- 
selves understood over a telephone between 
Boston and Cambridge — a distance of two 
miles — they danced so wildly in their stuffy 
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liltic room that the landlady lhrealen(‘d to 
turn them out. 

■By 1880 there were more than thirty thou- 
sand tele|3honos in the United States, and 
the number kept Rrowing. When the ]3atent 
ran out, competing com]3anies s])rang up, 
and (or a while it was necessary in some 
towns to have two or tliree tele|)hones if you 
wanted to he able to call uj) all your friencls. 
Of course [leople protested lustily against 
this foolish and e\|)ensive arrangement, and 
so most of the smaller companies either sold 
out to the Bell System or mad<‘ arrangements 
to connect their subscribers with it. Today 
the Bell system and the connecting comf)anies 
serve |)ractically all the telephone's in the 
United States. 

Talking from Coast to Coast 

It was not till igis that J)ne could tele- 
])hone from coast to coast. AlexandcT 
(iraham Bell was an imposing old man then, 
known and hoiMied all o\er the world. He 
sal at a telephone in New York C'ity and 
called up his old friend Watson in San 
Kranc'isco. 

“Mr. Watson/' he said, “come here. I 
want \ou.” And almost on the instant, 
back across ,^400 miles, came the answer: 
“I got it. I got every word I" .\nd then 
Watson addl'd with a chuckle, “But this 
time it would take me a week to come!’’ 

The Telephone Is Improved 

By i()i5, of course, all sorts of im|>rove- 
ments had been made, the inventions of a 
number of men. 'Thomas Kdison, David 
Kdward Hughc's, Iat de Forest, John Am- 
brose Fleming, and others. That coast-to- 
coast call could nevcT have bc'en made if 
ways had not been found to revive and 
strengthen the voice sounds w'hen they had 
grown faint from traveling over long dis- 
tances. It had also been discovered that a 
salt.spoonful of carbon granules in the trans 
mitter, rubbing against each other whim they 
were agitated by the voice vibrations, could 
greatly vary the cdectric current. Wires 
were being taken down from overhead poles 
and sheathed in cables of lead that could be 


laid underground; in every big city the popu- 
lation already walked over streets underlaid 
wu*lh these highways of speech. By iQiS, 
too, the beginning of telephony by radio had 
been made; for in that year sj>eech was trans- 
mitted by wireless from Arlington, Virginia, 
to San Francisco and Honolulu, and to Paris. 

Bell died in 1922, and so did not live quite 
long enough to hear a telephone conversation 
across the sc'a. In January of the very next 
year aftc*r his dc'ath, telephone olTic ials talked 
for two hours from their offices in New York 
to a group of scientists and engineers a'' 
semble<l in London for the test. 

Telephoning across the Sea 

And yet when you stop to think about it - 
of this marvelous thing which began a gocnl 
deal less than a century ago- it is so .star- 
tling as to make you catch your bri'ath. Sup- 
pose you are in Havana, Cuba, and have to 
get in (piick touch with somebody in Madrid, 
Sjiain. You spi*ak into the telephone trans- 
mitter, and the words lly along a wire in a 
submarine c able to Key W’c^st,* Florida. 'Then 
they follow land line's through Miami, West 
Palm Beach. Atlanta, Richmond, Washing- 
ton, Philadelphia, and New York, and on to 
Lawrencew ille, .New* Jersey. At Lawrenc e- 
ville. they lake the wings of radio to Madrid. 
And llu'v go with such incredible swiftness 
that your friend in Madrid can an.swer them 
as if he wc o- talking with you fai’c to facci 

At repeaccr >lations betwc'en Havana and 
New York, the wi*akened voice wa\es are 
given new’ energy a hundredfold stronger. At 
Law rencev ille, the great radio transmitter 
serves as a giant repealer with enormous am- 
plifying ])owers. But on on then, when the 
voice waves arrive overseas, they are the 
faintest of whispers and have to be amplified 
again before they arc sent to the Madrid 
telephone. 

More than h:dj the tc'lephones in the world 
are in the United Slates; there are twenty- 
six for c'very hundred ]>ersons and over 40 
million in all. Tliere are about fifty for every 
hundred persons in San Francisco more in 
proportion to the populatic^n than in any 
other city in the world. 
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This FM broadcastiiiR 
tower is on Red Mountain 
in Alabafha. Radio towers 
are now a common sight, 
but they were strange ob- 
jects earlier in the cen- 
tury. Imagine the angle 
from which this neck- 
craning view must have 
been shot. The mountain 
top is more than i,ooo feet 
above sea level, and the 
tower on which the x 08- 
foot antenna is fixed is 450 
feet high. The very loca- 
tion of the tower helps to 
make a fine broadcasting 
station. 
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The ROMANCE of the RADIO 

One of the Greatest Marvels of Science Is the Astonishing Inven- 
tion That Brings the Voices of Speakers or Singers from 
Anywhere on Earth Right into Our Homes 


HKRE is a famous little poem ^^hich 
says that the lirst shot fired in the 
American Revolution was “heard 
round the world.” That \\as only i^oetry, 
of course, when It was written; the man who 
wrote it never imagined that any shot would 
ever be heard more than a few miles away, 
liut to-day anybody can hear a shot fired 
on the other side of the w’orld if he wants to 
listen to it. You may yourself have sat at 
home somewhere in America and listened to 
Big Ben striking the hour in London; and 
many a person in Asia and Africa and Aus- 
tralia was listening to the same bell at the 
same moment. 

Only a few years ago radio w^as all but un- 
known to most of us. It was a good sort of 
wireless telegraph for saving ships at sea, 
but nobody w^as dreaming that it would soon 
be bringing speeches and music from far 
away right into our homes. It was a fine 


thing to signal ships with, but as yet it had 
no voice. 

How tlid it suddenly get a voice? What is 
radio, and where did it come from in the 
first plaie? 

Among the scientists who first felt their 
w^ay toward wireless telegraphy there are four 
pioneers most w'orth remembering. There 
w^as James Clerk Ma.\well, who showed us 
how^ electricity moves in w'aves (1S73). Then 
Ceorge Francis Fitzgerald told us how' to 
j)roduce electro-magnetic weaves in space 
(1883). Heinrich Rudolf Hertz (hurts') found 
out w’hat these weaves are really like in length 
and frequency (1887). And Guglielmo Mar- 
coni (gdo-lyfl'mo mar-k 5 'ne) took out the 
first patent for sending signals through space 
by means of electriewaves (1896). On March 
3, iSqq, the first wireless report of an acci- 
dent to a ship at sea brought prompt rescue 
from boats that put out from the shore 
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That was the history of the early days of Marconi was tr 
the wireless telegraph, a marvelous thing only sending them a 
a few years ago but now beginning to seem a great day whei 
little old-fashioned! Once we knew that through the air 
electric waves could be sent out into space, ocean, 
it was only a matter of time before someone A station w^a: 
would find out how to capture the waves in CornAvall, or 
and make them register their beats. n Vmr 

The beats would spell out a message 
Once Marconi had worked the 
puzzle, it w'as a simple matter 
to send the first messages, 
or radiograms. The trans- 
mitter was just an induc- 
tion coil with the spark 
gaps connected with an ' 
aerial, or a ware in the air. » 

An induction coil is an ar- 
rangement for maldng a / 
very small current jump in 
a spark across a gap. Wben 
the circuit was closed and 
the gap was sparking brightly, 
a continuous series of weaves 
was sent out into space from 
1 he aerial — in the same gen- 

, ^ Phuto rh»*topn»*i J «»fi(|r>a 

eral way in w'hich a stories ^ • y* r i * • i 

. ^ , 11 • r Guglielmo Marconi, an ItcUan electneal 


Marconi was trying the great experiment of 
sending them across the Atlantic. It was a 
great day when the lirst man reached out 
through the air to send a message over the 
ocean. 

A station w^as set up to create the waves 
in CornAvall, on the w'est coast of England. 

It had a far greater power than any 
station had ever had before; but 
even so, some of the engineers 
were afraid the waves would 
not travel around the 
curved surface of the earth, 
\ while others thought they 
\ would always be too feeble 
I to be detected across the 
e ocean. 

but Marconi w'as confi- 
' dent. When the station in 
England w^as ready, he 
wont to Newfoundland. In 
a little time he had his re- 
cei\ er in order, and was ready 
to listen. He had told the 
])eoj)le in laigland to send out 
, , the letter “S" at a certain 

« time every dav. On I)e- 


of waves is sent rolling from engineer, was the clever inventor who first cember 12, 1 ooi , he fi i st 

a stone you drop into the hHIs heard the thtTe clicks that 

water. With the Morse Iwni «t Bologna, Italy, on Apnl as, 1874. stand for the letter “S” in 

It was there that heanade his first wireless -.r 1 tt l 1 

code to go by, a short series Mperiments, end by 1896 he had made a ]Morse code. He had 

of waves would mean a dot «P,P«*t«»^orel««ric-wave heard the first mcssace 

^ 1 , , , telegraphy. His device was so simple and , , , . 

ana a longer series a dash, compact that it was soon taken up for ship through the air over the 

At the receiving end the S.t « Atlantic, 

waves reachmg the aerial work for long distances. In 1896 he went 1 he new thing was at 

would start a aimnt in it S.Mta'.gStnlfSp'SSSS; «"« won, lor of the 

which would l)e detected by stations fourteen and a half miles apart, w'orld. The warships of all 

L»ter this distauce was mcTeased to thuty i- s 1 

Marcoms wa\e detector, miles, and in 1899 he made wireless com- nations were immediately 

Through a head phone the munication possible between England and supplied with wireless, and 

Zc A ^ « J .1 i. France across the Enghsh Channel. In , ..r . 

cuzz 0i dots and dashes imi stations were set up at Cornwall and the Russo-Japanese War in 

could be hc^ and » the 1904 sbowcl the great value 

message could be read. between England and Canada and the of it in naval strategy. 

The dfetanee that Mar- Other ships at sea began 

com S waves could travel showered degrees and decorations upon getting the news of the 

depended on the strength world all over the ocean, 

with which they could be thrown out. A big and by 1904 the big liners were printing daily 


splash in a pond throws out waves that travel 
farther than those from a smaller one. By 
1899 there were stations that could send 
radiograms from France to England, Two 
years later there was no trouble in sending 
them two hundred miles. Soon after that 


papers on board. In 1907 a transoceanic 
service for radiograms was in operation. 

And yet this was all telegraphing. Even 
in 1918 there was no radio as we all know it 
to-da> — no little machines in our houses that 
would bring us music from everywhere. All 




Photo hy Ka<lio Corpor'ition of America 

Over direct radio circuits maintained by RCA Com- Office, in downtown New York, are in constant com- 
munications, Inc., these operators in the RCA Central munication with fourteen countries of Latin America. 



Photo h> R.ulio Curpuiatiuu of America 


This impressive array of dials and levers is at the where messages from across the sea are constantly 
RCA Commuoications recei^g station at Riverhead, pouring in. Overhead run the feeder wires which 
Long Island. A technician is watching the current bring the incoming signals from the antennas outside 
flow at the Power Control Board in the receiving room, to the receivers. 
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Phuto liy U S. Sit^nal Corps 

By means of the ‘‘walkie-talkie" radio he is carrying, 
the platoon leader in the center above will keep in 
touch with the tanks and his command post in the 
rear and can call for artillery support if necessary. 

Below is the radio “script" sent by the gigantic 
German dirigible, the Graf Zeppelin, on a memorable 
trip it made to America before the Second World War. 


The message was picked up by a station of the Radio- 
marine Corporation of America, the incoming signals 
were greatly amplified and passed through a recorder, 
and finally those strengthened signals activated a sen- 
sitive pen which traced the wavy lines shown here. 
The translation of this record from the Morse dot- 
and-dash code is also given. 



that came through the air as yet was a scries 
of buzzes, clicks, and roars. 

What put the radio in all our homes was 
. the change from telegraph to telephone. As 
soon as we could make that change, we could 
get any sound from anywhere — voices, vio- 
lins, pianos, orchestras, and entertainers of 
all sorts. 

The first step in making the radio do the 
work of a telephone was made possible by 
two inventions — the vacuum tube and the 
microphone. The microphone was needed 
to put the sounds “on the air,” and the 


vacuum tube to help in j)Utting them on 
and to take them off. The microphone 
changes the strength of the wireless waves 
sent out. The vacuum tube magnifies the 
feeble wireless current received until it can 
reproduce the sounds in an earpiece or a 
loud speaker. 

The vacuum tube was invented by John 
Ambrose Fleming, a noted British scientist, 
in 1904, and soon improved by Lee Dc Forest, 
an American. One of the first microphones 
had meanwhile been perfected; and by 1908 
there was a wireless conversation between 
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RoSfne and Sicily, a distance of three hundred 
miles. In the next few years the distance 
was rapidly increased as the instruments were 
improved; and in 1915, with three hundred 
vacuum tubes, voices were heard between 
A.rlington, Virginia, and the Eiffel Tower in 
Paris — a distance of 3,080 miles. 

The Beginning of Modern Radio 

Even then no one seemed to sec any vast 
use for wireless telephony. But a vast ex- 
pansion was coming, and it came almost over- 
night. By 1Q20 there were a great many 
amateur receiving stations here and there in 
America and Kuroj>e. Many of them had 
been set up by boys for the fun of picking 
messiiges out of the air. 1'he boys were able 
to get lele|)hone as well ns telegraph messiiges 
that came lloating by. What a sensiition 
those in reach had when they first heard 
that a company in Chelmsfonl, England, was 
going to broadrast songs and music for an 
hour every evening for two weeks! 

'Ehe first jirogram went on the air February 
J3, 1020. It was heard distinctly 1,400 miles 
aw'ay, and NNith enthusiasm. In those days 
the air was almost wholly empty of flying 
radio wave's. \'ery soon there were stations 
giving regular programs and a vast amount of 
broadcasting had begun. 

rhen everybody began getting receiving 
sets. 'Those who could afford it bought them 
iom})lete and siit down to find out lunv far 
they could hear. Others started to make 
their own sets. 

Bringing Order in Bedlam 

As the broadcasting stations grew in num- 
ber from day to day, their programs began to 
conflict with one another, until the listeners 
could often hear nothing but a general up- 
roar. 'I'o stof) the confu.sion the various 
stations w'cre then assigned different wave 
lengths. A little jicbble drojiped into a jiond 
may make tiny ripples hardly half an inch 
from one another, while a bigger stone may 
make them a foot or two apart. In the same 
fashion the Hertzian (hi^rt'sl-an) waves of 
wireless may be very long or very short. 
Engineers call them high and low-frequency 
waves. A radio set may be tuned to pick up 
any particular wave length and to ignore all 


the others. So when the different broad- 
casting stations use different wave lengths 
there is no interference among them. 

'To-day broadcasting is regulated by the 
Federal Communications Commission, and 
there are over 1,000 stations in the United 
States alone. Many of them arc organized 
into great “networks.” Stations in the same 
network use one another’s programs and 
can all be tied together for a broadcast of un- 
usual interest coming from one of the “key' 
stations in the network. That is what is 
called “chain broadcasting” or a “national 
hcK)k uj).” The program will be pul upon the 
air frf>m many different stations at the same 
time, and carried to each statu)n from the 
broacicasting studio by means of especially 
leased telephone wires. Besides the great 
networks there are also regional networks and 
independent stations. In fact the *'walkie 
talkie” makes it possible for two persons to 
converse as they go about town on their 
bu.siness. For they can br()afica>t as well 
a^ receive on the set they arc carrying. 

We often hear it said that our country 
could never have come to be the great land 
that it is if there had been no 3 un\>paj)crs. 
.\nd that undoubtedly is true. If j)eople had 
not been able to find out the facts and to have 
opinion> presented from every angle, they 
never could safely have wielded the power 
the Constitution put into their hands. 

Bui of late die new^i)apers have found a 
new ally one of the best friends good gov- 
ernment ever had. Of course we mean the 
radio. It .seems almost providential that this 
great invention should have come at just the 
time when the world has had to face the worst 
criMs in history and our own country has had 
problem^ more pu/zliiig than any it ever had 
iiefore. Americans have needed to know the 
facts, and they have needed to hear them dis- 
cussed from every jxisMblc angle. Of course 
our j(Hirnals are doing a magnificent service. 
Bui many people do not read ilie newspapers, 
or if they do, will refuse to read a paper that 
diK’S not echo their own opinions. For such 
as these the radio is liusy in their houses all 
day long, i)ouring forlli information and opin- 
ions from every source. Some of it is sound 
and some is not, for the radio brings a certain 
amount of dishonest propaganda. But learn- 
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Young people now discuss modem pxoblems over the radio as part of their training for citizenship. 


ing to tell truth from falsehowl is one of the 
first duties of a citi/en. And keeping an open 
mind is perhaps the next. Surely it will be 
hard to stay narrow-minded if you listen con- 
stantly to the radio. 

The Greatest Audience in the World 

Of course it is for pleasure that most of us 
V une in. Radio has brought the world’s finest 
drama, music, and vaudeville to the farthest 
corners of the globe. The truck driver bowl- 
ing along over a lonely road at night realizes 
that while he listens to a singer or to his. 
favorite comedian he will be in much le.ss 
danger of falling asleep at his wheel. Young 
jDeopIe on farms or in tiny distant villages 
may rely on a radio orchestra to play them 
music for their dances. Even explorers and 
lonely lighthouse keepers may listen to a 
s|jeech by the president of the United States 
or the king of England. We know great men 
as we could never have known them in days 
gone by- we have heard the sound of their 
voices. But more than all this, homekeeping 
people — and even the bed- ridden can share 
in high adventure. They can hear the cold 
blasts sweep over Little America or listen to 
London’s Big Ben ring in the New V'ear at 
midnight on December 31. They are citizens 
not of a township, but of the world. 

For radio brings the whole wide world to 
our firesides. We hear the latest news a few 
minutes after the event has taken place. 
Often it is described even as it is happening. 


The big game is broadcast play by play, and 
at different limes during the day the farmer 
can learn the current prices (if farm [iroducts 
and the businc'ss man the latest st(Kk (juota- 
tions. Weather announcements warn the 
grower when to protect Ins croi).s from frost, 
and .shopping guides tell the lunisewife what 
are the day’s bargains. In a few moments a 
police network can be s]>rcad over the entire 
nation to catch a iriminal, and e\erv day 
certain city station^ broadcast an alarm for 
mis.sing i)ersons. ISome of those stations are 
owned and operated by the cit> in which they 
are situated, and in this way bring lir^teners 
close to the problems of their own municipal- 
ity. 

Radio Protects Life and Property 

The nMe of the radio in saving human life is 
enormous. W arnings of storm and Hood are 
.sent into the areas in danger, or lire wardens 
arc told of a threat to life or property. Peo- 
ple in communities shut off from the rest of 
the world can call for help in time of stress. 
T he radio comj)ass guides the sailor, the radio 
beam keeps the aviator on his course. T'he 
insistent SOS calls for help when a shij) is 
sinking. In fact, it is even po.s.sible to guide a 
ship or plane by radio alone, and bring it safe 
home when there is not a soul on board! 

Radios are in our buses and trains and 
autonobiles. The giant bomber may get its 
comnr.ands by radio, and the tank crew inside 
a walking fortress will maneuver according to 
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oiVi crs radioeil from a plane that is directing 
the l)attle overhead. Under the name of 
radar* (ra'diir) direction finding has been so 
l)erfected that a device set, for example, far 
out at sea caji tell a distant airplane or ship 
just where to find a moving submarine. With- 
out the radio modern warfare could not exist. 
'I'here are portable sets that a boy can slip 
into his pocket to take on a picnic, and 
others so tiny that a girl can fasten one to 
her umbrella handle when she goes shopjang, 
relying on the umbrella’s ribs to serve for 
aerial. Radios have come to be so inexpen- 
sive that many millions of families in the 
United .States can own a set and keep abreast 
of the news. 

A New Way to Go to School 

There are some lOo million radios in the 
world. 'Fhe United States ah)ne has S4 mil- 
lion sel^. It would be hanl to >ay exactly 
how ?uuch all these radi(»s help to educate 
pef)ple. We may not think of education as 
radio’s chief pur|)ose, init irgular stations 
have educational programs, and schools and 
colleges have their own stations in many in- 
stances. And it is by no means onK the so- 
called educational program that educates. 
Think of all the information and opinion that 
ladij) listeners hear! We acc|uire new ideas 
almost in sj)ile of ourselves. (Vitics tell us 
that in music alone our taste and knowltxlge 
have* im|)roved immeasurably since the com- 
ing of the radio. The sale of recordings 
shows this, as does the interest in published 
|)rograms of tine music. 

Radio has also erased many of the dilTer- 
<*nces that used to exist among us. Inhab- 
itants of the most lonely districts can now^ 
share idcMS that once were common only 
among |)eo|)le living in centers of culture. In 
many ways it is no longer easy to tell the 
country boy and girl from their city cousins. 
As a result peojde have a sense of "together- 
ness.” And this is very im|)ortant when 
there is a job to be done that needs unity 
of thought and action. We sec how’ it works 
in time of war, of disasters of one kind and 
another, or in just normal elections or cam- 
l>aigns for community imimwemenl. At 
such times it is necessary that |)eo|)le know 
quickly what Is going on and radio pro- 


vides the speediest communication. Mc»re- 
over, the radio instrument itself is an edu- 
cator. Many a boy lays the foundation for a 
career in sciem e as he builds and operates 
his own set. 'The whole magic field of elec- 
tricity may be opened to him by what, at 
first, seemed only a plaything. 

The Radio Can Work for Peace 

The radio can carry messages to help the 
pcoj)le of the wluile w^orld to know' and un- 
flerstand one another. Just as it can puli 
the [)eopl(‘ of a cf)mmunity or nation together 
to think and work on common problems, it 
can hel[) rally the world’s inhabitants. Hy 
.spreading information, the radio can build 
resj)ect and understanding among peojde of 
ditT(*rent customs and ways of living anrl so 
help do away with wars. 

In 1041 the United Slates government be- 
gan its "Voice of America” broadca^^ts to 
Latin American countries to help the peo|)lc 
there understand its democratic way of life. 
SiiKc* Worhl W ar 11 it has beamed ])rograms 
to some twenty ivujntries in as many lan- 
guages. Many governments send similar 
.short wa\e broadcasts to other countries to 
inform and buihl good will. 'The United Xa- 
tirms has daily broadcasts of its meetings 
in several languages. 

We Must Not Be Radio Slaves 

Of couTM' the raclio can misinform people 
and unify t)»em for evil pur|)oses as well as 
good ones. U(»ntrolled by totalitarian gov- 
ernments, it I an be one of the ])est ways of 
deccMving peoj>le and slopping real thought, 
liovernment agencies .such as the Federal 
(^)mmu^icati^ms Commission in the L nited 
Stales au'i the broadcasting com|)anies arc 
responsible for seeing that radio is used for 
the benefit of all the people. 

IXery indiviilual listener has a responsi- 
bility, too. He will listen with great care to 
differing programs, weigh facts and opinions, 
and try to do his own thinking. He will 
(|ueslion what he hears. He will let the 
broadcaster and the government know that 
he wants an "airing” of all sides of a (jucstion 
that affects his welfare and the fate of the 
nation and the world, perhaps. People must 
be radio’s master not its slave. 
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An operetta is in rehearsal at a big broadcasting station. 
Orchestra and voices have been trained separately 
and are now brought together for rehearsal under the 
program’s musical director, who is standing at the left. 
Standing at the rear m the center is the producer of the 


program. He is wearing earphones that communicate 
with the control room seen through the window at the 
rear and is pointing to give the cue to the narrator 
of the operetta an actor who is standing just in front 
of the producer. 


The ROMANCE BEHIND a BROADCAST 

Here You May Learn a Little About the Instruments^ the 
Labor, and the Planning That Go into a Radio Program 


HE world is roughK dnidctl betwetMi 
thobe who eiijo} fjcing entertained 
and those who do the entertaining 
And the first are usuall> fascinated by the 
second, and the second are delighted at their 
chance to appear before the first Conse- 
quently, when radio broadiasting came into 
being, the entertainers were rejoiced to know 
that their audiences couhl now be measured, 
not by hundreds, but by millions, and the 
audiences were enchanted at the prosj)ect of 
the new mdr\el that promised them so much 
enjoyment 

This pleasure and excitement are perhaps 
the first thing one senses in a broadcasting 
studio. A miracle is worked there every mo- 
ment of the day. A man sitting before a 
microphone in a small room can, if all the 
broadcasting stations of the world are linked 
together, be heard in every corner of the globe 
without speaking above a whisper. If it is an 


imi)ortanl e\ent to be earned to the tarthest 
island, ever\ broadcast at that |)ailicular 
hour will be niereh a repetition of this one 
man at his single microphone 

Of course there mav be one, two, (jr a dozen 
microphones in an\ one studio, and se\eral 
studios may be linkc^d together to make up a 
single broadcast You may h(‘ar Jane Smith 
in New Y<)rk singing with Paul Jones’s or- 
chestra pla>ing in Holb wood These, how- 
ever, arc stunts. As a rule <dl the jnusons and 
instruments in any one broadcast arc gath- 
ered together in .i single studio. 

Studios v.iry in si/e according to the pro- 
gram to be sent. It is naturally necessary to 
have a much larger room from which to 
broadcast a conductor directing a full sym- 
phony orchestra than would be needccl to 
send the music from a banjo out over the air. 
And each combination of artists and per- 
formers needs its own special arrangement, 
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All of us have listened with pleasure to programs sent 
out from this strdio m one of the large broadcasting 
stations in New YorK Cit> The studio audience* whose 
laughter helps us to laugh when we hear it at home* is 
seated in the chairs in the foreground In the rear at 


the left are the studio’s acoustivanes (i-kdb'sti-v&n) 
wooden panels that, upon the pressure of a button in 
the control room, may be set at angles to each other 
to deaden the sound. When they are flat the sound is 
more brilliant but it will be full of echoes 


(II pLuint', uhcn it coims bcloic a micro 
phono I his IS bocausc iho microphone is a 
kind of sLiisitiM cMi ^vhKh is tuintd in onK 
on(‘ duct lion and is deaf in t\(i\ directum 
except the* one in which it is pointod Or it is 
like a \ci\ biif^ht spotlight which make‘S ms- 
iblo whale \tr is in its lieam but throws no 
light whatcMi on .in\ instiumcnt or per 
former not in its path of light I hus if the 
“spotlight” or microphone “shinc*s’’ too 
bnghtl> on the* big bass drum and is not 
“lighting up’’ the soit-\oieed flute at all, it is 
clcMr that the flute will not be heard, because 
of the greater elearnc'ss of the powertiil 
throbbing drum To set the two sounds m 
proper relation to e\uh other, the drum and 
the flute must be moved, so tluit the micro- 
phone’s “beam” will fall \ei\ lightl> on the 
drum and very brightly on the flute Ihei 
both wnll be heard at once 

“Getting a Balance” 

The jilacement of the instruments or j)er- 
formers in a broadcast in proper reference 
to a microphone is called “getting a balance.” 
When all the units of a broadcast, whether 


singeis, instruments, aetois, or sound effects, 
are properh placed, a broadcast is “well- 
balanced,” and the result is then most likeK 
to gi\e ])leasure to those who ha\e tuned in 

Controlling the Sounds 

1 he studu) Use ll in which all this occurs is a 
\er\ highh speciih/ed place I he tirsl 
hioadcasts were sinil out from an ordinary 
room Hut st>on people reali/cd that the 
broadcast was full of unpleasant echoes, that 
the sounds setmicd to bounce around the bare 
walls and icach the microphone in succcssixe 
wa\cs much as \oui own Aoice comes back 
to >c>u when xou shout between the solid 
walls ol a cam on or inside the tiled walls of a 
swimming pool So hc'a\> draperies were 
hung on the walK to deaden the echoes — that 
IS, to stoj^ the sound tiom hitting the hard 
surface of the walls and bouncing back again, 
like rubber balls throw ii at a barn door That 
need for deadening the echoes was recog- 
nized as one of the most important things to 
remember in the building of studios. 

An engineer w ill walk into a studio and clap 
his hands smartly together. If the slapping 
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sound repeats itself around him he knows 
the studio is too “live/' and proceeds to do 
something about it. He may add movable 
draperies or put up porous fiber walls to ab- 
sorb those extra unwanted sounds before they 
can reach the microphone and ruin the broad- 
cast. Or he may direct that the walls be re- 
built in an arrangement like the folds of a 
half-opened fan. Then the sound will not be 
reflected in any one direction but will be sent 
back and forth in many directions and in that 
way split up and rendered comparatively 
harmless. Or he may build the walls with 
sliding panels. These can either be opened to 
reveal smooth surfaces behind them and so 
render the tone in the studio more brilliant — 
that is, fuller of almost inaudible echoes- or 
else the panels can have their muflling sur- 
faces closed tightly together and in this way 
deaden the sound. Cork and composition 
materials under foot will do much to deaden 
the floors. 

Sound-proofing a Studio 

In large cities where there are street cars, 
railway trains, subways, and heavy trucks 
tumbling along in the vicinity, there is still 
another problem. For a microphone does not 
care what sounds it reproduces, and very 
often picks up this vibrant rumble from the 
very floor on which it stands, so that listeners 
hear what seems to be thunder at intervals 
a state of affairs which does not add to their 
delight. In mild cases the noise of traffic can 
be silenced by putting ]X)rous rubber pads 
under the microphones. But often this is not 
enough, and it is necessary to build s>tudios 
which are “.suspended” —which literally have 
an air space all anmnd them anrl are cush- 
ioned at every point of contact with the build- 
ing in w'hich they are situated. A cross .sec- 
tion of this type of construction, seen as if a 
huge saw' had sliced across one corner, shows 
very clearly that several inches of empty air 
space completely surrounds the rooms where 
the broadcasting takes place. This will 
largely do away with the effects of outside 
vibration. The principle is somewhat the 
same as the one followed in relieving the jolt- 
ing in an automobile. A passenger seldom 
feels the ordinary bumps in the road because 
of the tremendous improvement in springs 


and shock absorbers since the days of /he 
hard-w'heeled carriage, when every rut was 
felt and a day's journey left one -very \veary 
indeed. 

Lighting and ventilation are of great im- 
portance in a studio. Usually the room is 
carefully air-conditioned, and lights are so 
placed that their rays reach every corner with 
a brilliance that guarantees the easy reading 
of musical notes or typewTitten material. 

Putting Up Bars against a Sound 

The ideal studio would have neither doors 
nor windows, since these interrupt a scien- 
tifically designed wall aud also make it j)os- 
sible for unw'anted sounds to leak in. But 
of course there must be some means of get t ing 
in and out of the room. So you w'ill line! a 
double set of doors in every w'ell-designed 
studio. 'Fhis arrangement makes it possible 
for one set of doors to be shut tight before the 
seiond set is opened. This keeps out sounds 
from the outside and makes it possil)le to send 
a broadcast over the air without the addition 
of unexpected \ells, the screams of fire sirens 
from the street below, or bursts of laughter 
from outside the studio walls. Man> stories 
are told t)f such unexpected interruptions 
Most of them go bac k to the d.ajs before the 
double door w'as introduced. 

But even triple doors will not pre\ent an 
uninvited stranger from walking in and 
shouting or making noises in blissful uncon- 
sciousness that the studio in cjuestion is “on 
the air.” It is for this reason that you will 
find out.side the broadcasting studios signs 
which usually warn in brilliantly lighted let- 
ters that the studio in c|uestion is either busy 
w'ith “RKIIKARSAL” or el.se is actually 
“ON I'lIE AIR.” 'rhe scronci phrase, as you 
know', is the one u.sed to give warning that 
whatever is going on w'ithin is being sent out 
to the radio sets of all those who are listening 
to the station at the moment. Of course the 
doors of a studio always oi>cn and close as 
silently as possible, and usually have small 
glass portholes in them so that an intruder 
will have no excuse for interrupting a broad- 
cast. 

Earlier we spoke of “balance” as highly 
important for a successful broadcast. Some- 
times a good deal of experimenting is neccs* 
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sa)ry before everything is properly placed for 
going on the air, and naturally the officials 
cannot keep running across the street to tune 
in to see how their program sounds. In every 
studio, therefore, there is a mysterious little 
room which is one of the studio’s most vital 
parts. It is called the 
control room, a name 
which explains itself. 

It is in this room that 
the broadcast is con- 
trolled. When you 
mix a fruit punch you 
pour all the ingredi- 
ents into a big bowl 
and blend them until 
the piindi has just 
enough of each in- 
gredient. In much 
the same way we 
j)our all the varying 
tones of an orcliestra 
through sew mi- 
i rophones into the 
“mixing bowl,” which 
in this (ase is the con 
trol rocan. I'he mix- 
ing itself is (lone by 
the engineer, wIk) has 
a knob for each mi- 
crophone. By vary- 
ing the turn of these 
knobs he can permit 
more or less of what i^ 
being poured into each 
microphone to enter the final mixture 
which is the broadcast that goes out over the 
air. 

In a modern control room there are usually 
two important jiersons in charge of the broad- 
cast. One is the engineer and the other is the 
producer, or production man. 'Fhey cor- 
respond somewhat to a man and his chauf- 
feur. The man knows where he wants to go 
and gives all necessary directions to the 
chauffeur, who manages the trip’s mechanical 
side about which the owner of the car may 
well have only the barest knowledge. Both 
producer and engineer are highly important, 
and a well-balanced team can do excellent 
work. If an engineer is sensitive, he needs 
only a slight suggestion from a producer to 


achieve what both desire, a perfect per- 
formance. 

It is the producer’s business to run the 
broadcast from start to finish, from the mo- 
ment it is first decided to put on a given 
broadcast to the moment when the perform- 
ance is “signed off” 
at the program’s end. 
And it is his responsi- 
bility b) see that all 
the people involved in 
producing the pro- 
gram work harmoni- 
ously toward perfect 
achievement. Writ- 
ers, actors, singers, 
musicians, conduc- 
tors, announcers, 
sound effects, and the 
engineer as well, will 
all have to be mar- 
shaled to do their 
[)arts perfectly. The 
j)r(Kluter is the gen- 
eral of this army, and 
if he knows his busi- 
ness his army will do 
him credit. 

The control nHjm, 
then, is equipjxjd with 
the complicated net- 
work of wires which 
make it possible for 
the engineer to mix liis 
“broadcast jninch.” 
They run from micro|diones to lubes to the 
control knobs or dials, and then ornvard to 
the main control room, which is in contact 
with all the studios in a given station and 
wiiich, in case the station is a member of a na- 
tional network or hookup of several other 
stations, sees to it that the programs in ques- 
tion are going where they are scheduled. 

Let us examine the first, or studio, control 
room a little more closely. Its size is rela- 
tively unimportant. It is large enough to ac- 
commoilale perhaps half a dozen people, and 
is equipped with the cabinet and dials already 
mentioned. Before them sits the engineer, 
with both hands busy seeing that the right 
amount of x’olume from each microphone is 
going into the final broadcast. To report on 
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From this control room a rehearsal is criticized as it is 
picked up by the microphones in the studio. Only in 
this way can a finished perfonnance be given, for in- 
side the studio the directors hear the actual sounds 
produced by the performers, and cannot know what 
the microphone is reporting. Our critic in the pic- 
ture is signaling to the producer through the double, 
sound-proof window in front of him. When the pro- 
gram is broadcast to the public he will be joined by 
the producer, who will direct it from thi^ point of 
vantage. 
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These are some of the devices that imitate natural 
sounds for the microphone Wind machines and other 
mstruments imitate storms, surf, ram, and the rattle 
of a worn-out automobile A 6-inch sheet of cellophane 
judiciously crumpled will give the effect of a forest fire, 
and the crumpling of a smaller sheet will sound like 
ying eggs An airplane crash will sound very con- 
vmcmg if a fist is brought down sharply on a peach 
basket If a sheet of tin is properly shaken the mi- 
crophone will pick up what sounds like the crash of 
thunder, though a skillful drummer seen at the rear 


in the picture will be necessary to simulate the thun 
der*s roll Recordings played here by the man who 
stands second from the left will reproduce the noise 
of marching men, of traffic of passing trams of auto 
mobiles, and of barking dogs mewing cats grunting 
pigs, and crying babies though some studios rely on a 
skillful mimic to imitate the cries of animals and 
children Certain commonplace noises such as walk 
mg on gravel or the striking of a match are never imi 
tated The microphone must have the real thinc' if the 
audience is to be convinced 


this, there is a loudspeaker whieh faithfulK 
transmits \\hatc\(i hippcns in the studio 
I he engineer and the yirodiaer c in see into 
the studio through i hugt gli^s window, 
which usually has double panes of gl iss and 
often triple panes, to make it soundproof 
I hey do not hear an\ of the performance di 
rectly All the} can hear iin the loudspeaker 
IS what IS actualh being jneked up b} the 
studio microphones It is just what the pub 
lie gets through its radio sets 

The Birth of a Broadcast 

It is now possible hir the engineer and the 
producer to know whether there is too great a 
volume of sound from an orchestra or not 
enough from a singer’s voice* — or whether 
both are at fault Adjustments of this sort 
can be made in various ways A microphone 
dial may be turned a little to cut down the 
volume of sound, or the conductor of the 
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orchestra m i\ be iskcd to h i\i his musu i ms 
pla} more softh, which of course will s(r\( 
the same j)urpos( Idt ilK such changis ire 
belter if mad< b\ the pcrformcis 

It IS of course nccess\r\, in the course of 
rehearsal, for th( people in the (ontiol room 
to communieatc with those who aic in the 
studio 1 or this purpose the control room 
has a special microphone communicating 
with a loudspeaker in the studio But since 
performers in the studio are usuall} faced 
toward the control room, a good man} dirce 
tions can be con\e}ed merely by i motion of 
the hand 

We have now discussed everything vital to 
a studio broadcast except the broaclcast ma- 
terial Itself — that IS, the words to be spoken, 
the music, and any other features belonging 
to the finished performance Let us follow a 
|Kjpular coast-to-coasf show from the mo- 
ment of its birth as an idea to its final ap 
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pc?arance on the networks as a finished work 
of art. 

We begin in Ihe radio department of a na- 
tional advertising agency, which has as a 
client a* big corj)oralion or manufacturing 
company. I'he company has decided to 
sj>end a large sum of money in making one of 
its lesser-known products pojmlar. It calls 
the afl vertising agency 
and asks for ideas for 
a radio show which 
will achieve its end. 

'Fhe agency discusses 
the product and the 
type of |)eople who 
will be likely to buy il. 

It is easy to see that 
if an expensive auto- 
mobile is to be adver- 
tised tlie show will 
probtibl\ be (|uite dif- 
fcTent from one that 
ad\erlis(*s a ../.if of 
bread or .i bn‘akfast 
loot! K very one buys 
brt*ad and breakfast 
lood, and a sIkjw to 
advertise them well 
should t)e of a tvpe 
that evervone will 
like. 

If our lompaiiN 
w hi. h is to be “s|)on- 
sor” for the show wishes to advertise a toilet 
soaj), a (crtain amount of what in the trade is 
known as “glamour” will be desirable, and 
the agency may adv i.se the hiring of a famous 
star of the theater or motion pittures. Let us 
say that the star is decided upon, and that she 
consents to do a series of radii.) plays for ])er- 
haps $1,000 or S2,ooo a week her salary 
depending upon her reputation. Next, a 
w'riter must be found to write the “script”- 
the spoken parts, w'ilh full directions for {pro- 
ducing the play. If his name has value hx 
may be paid S500 for his work on each per- 
formance. Because “glamour” is required 
there must be music, and the advertising 
agency approaches a well-known conductor 
and commissions him to write a “theme,” or 
melody, for the show— and perhaps to write 
special songs to go with his music. This 
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“theme” will open the show and will identify 
the i>rogram whenever it goes on the air. I'he 
conductor's price for this special work — for 
all mu.sical arrangements of his theme and for 
the twenty-four to thirty musicians he may 
ask to help him in jjlaying or singing it— may 
total $1,500. 

At this point a producer is put in charge 
and tolci to whip the 
program into sha{)e. 
From his file of actors 
he selects the ])eople 
who are to fill the 
various parts, ami if 
he is undecided in any 
ii stance he may “hold 
an audition” and have 
a nu Tiber of actors 
read the part in ques- 
tion before he makes 
his final choice. 

\\ ith the parts cast, 
he confers, script in 
hand, with the sta- 
tion s mu.sical direc- 
tor. They agree as to 
the music that should 
accompany the acting 
of the play, often 
adopting certain fruit- 
ful suggestions the au- 
thor has made. The 
director then sees that 
the orchestia has its scoics and knows its 
part^. rsually the first rehearsaU of cast and 
orchestra are held separately. I'lie producer 
schools his cast in the correct reading .and 
liming of the dramatic parts and works out 
souikI elTecls to dujdicate the sounds the ac- 
tion calls for. At all limes he is watching the 
length of the piece and trying to figure out its 
“rough timing” that is, the probable length 
of lime the whole show will take on the air. 
If his play is too long he cuts it. If it is too 
short he may ai>peal to the author to add a 
few more lines or may ask the orchestra to 
fill in with music. 

Meanwhile the advertising agency has been 
writing the “commercijils”- the three or four 
minutes of advertising that goes w ith any half 
hour of netwHirk broadcast. Usually this 
time is divided between an oi>ening com- 
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The chorus for a musical broadcast is having a sep- 
arate rehearsal under the broadcasting station’s 
choral director. Not until it is perfecUy balanced 
and can come in at the appointed instant in the script 
will the chorus rehearse with the rest of the per- 
formers. 
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mercial and a closing commercial, both of 
which are included in the final script, along 
with full directions as to music and sound 
effects. The major networks limit very 
strictly the amount of time that may be given 
to commercials, for too much advertising 
destroys a listener's enjoyment. 

Now the producer must choose his an- 
nouncer, one whose voice and manner are 
suited to the type of material used in the 
show. Often actors and actresses are chosen 
to read the commercials. 

At last the show is ready for a full re- 
hearsal, in which the orchestra will be care- 
fully matched to the dialogue and anv rough 
places smoothed over. The iinah or “dress,” 
rehearsiil is run off just as if it were a genuine 
broadcast, with the pnxliicer holding a stop- 
watch to see e.xactly how long it takes. For 
to save precious broadcast time and make it 
jKissible for individual stations to come into 
or leave the network at a given moment, 
every radio program is timed almost to a 
second. Often the dress rehearsals are re- 
corded, so that the producer can study them 
over and over for defects, or decide how* V)est 
t cut them down or lengthen them. 

Meanwhile the agency's publicity depart- 
ment has been sending out stories and pic- 
tures to papers and magazines announcing 
the new' show', and has done everything in its 
pow'er to awaken intcre.st. 'Fickets have 
probably been given out, so that there may be 
an audience to see the broadcast. For strange 
as it may seem, the “in\ isible audience”- the 
people sitting at home be.side their radios - 
are much more likely to laugh if they hear an 
audience laughing in the studio. 

When the radio theater opens its doors 
half ^n hour before the broadcast is to begin, 
hundreds of spectators are w'aiting to sec the 
opening of the new show, with its famous star 
and its popular singers and musicians. When 
all arc seated, the announcer usually greets 
the audience with a pre-broadcast stK‘cch, 
or “warmup.” 

The term “warmup” is properly applied to 
a speech welcoming an audience to a comedy 
broadcast. For it has been discovered that 
every audience must have a few minutes to 
“thaw out” before it is in a mood to break 
into laughter. Since it is necessary that the 
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broadcast audience should laugh aloud, the 
warmup will ])robably bring on the chief 
comedians to tell a few funny .stories and put 
the spectators in genial mood. 

Finally, with the hour for the broadcast 
close at hand, a green light goes on, at Icasv. 
in most of the studios, to show^ that it is 
time to “stand by” the radio term which 
means that everyone must be quiet and that 
the performers must take their places ready 
to broadcast. Warning lingers, and usually 
an uttered “Quiet, please,” tell the audience 
that the great moment is about to arrive. 
Then the red light Hashes, the j)ro(lurer “cues 
in” the opening “salvo” whether music or 
speech and the show is on the air! 

'Fhe producer, who lias timed different sec- 
tions of the .show during rehearsals, now holds 
his watch and at intervals signals the per- 
formers to let them know' how' things are go- 
ing. If applause is wanted, the producer and 
announcer simply hold up their hands before 
the audience and go through the motions uf 
clapping. When there has been enough ap- 
plause, the audience is signaled to stop, and 
usually tloes so in i)erfect cooperation. Oi 
course the time for applause* has beeii strk l! 
rationed, along with the time for the rest oi 
the f)rograni. Hut a good many things can 
go wrong, and a show can at any moment rim 
behind or ahead of schedule. If there is 
music it can fill any time th,it ma\ be l(‘fl 
o\er at the end. And if the* show has run too 
long, the announcer can brc'ak info the music 
at the end to bring the program to a close. 
If there is no music, the |)roduccT will have 
made provision for a last-minute cut !»’ 
marking on the .strii)t a “tentati\e eiil” 
section that can come out, if newssary, neai 
the close of the ])lay without interfering with 
the action. If the leiilalive cut has to be* 
made, the producer indicates it to the j)er- 
formers by a vigorous and highly suggestive 
gesture. When he pulls his forefinger acro.ss 
his throat they know' that he means “cut.” 
Hut the invisible audience never is conscious 
of any of this tense planning. The voii'es 
cease, the music dies away as if the musicians 
had finished their score, and instantly the 
station announcer speaks in unhurried fash- 
ion to identify the program to which you 
have been listening. 
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BEHIND YOUR RADIO DIAL 

How It Is That Bits of Glass and Metal 
Can Bring Us Music Out of the Air 


E ast night you turned a knob on the 
front of a little ]>ox that si Is on your 
living room table. It looks much like 
any ordinary box except for its knobs or 
liPle buttons and its brightly lighted dial. 
But when you turned the knob you heard a 
man siieaking in London. He was telling 
you what had happened in Kurope during the 
day. What brought his voice <»vor thousands 
of miles of land and sea to that little box on 
your living room table? 

As you already know if you have read our 
other articles about 
the rarlio, the sounds 
that came to you from 
London tr,.\(i*^l <»n 
waves not waves of 
the sea or waves in 
the air but waves of 
('lectrual energy sent 
out from the broad- 
casting station where 
your reporter was 
speaking. W’e call 
them radio waves, 
rhev are not electric- 
ity, though an electri- 
cal current ])roduces 
them. Just as our ears 
are receivers for sound 
waves and our eyes re- 
ceivers for light waves, 
so a radio set is a re- 
ceiver for radio waves. 

But in order to understand how it is all man- 
aged, we shall have to understand just what 
it is that the radio set has been built to re- 
ceive. 

Radio waves are im[)ulses of electrical 
energy. While sound waves travel through 
air and through other ordinary matter, radio 
waves can travel through empty space and 
do not have to depend upon air or any other 
substance to carry them In this way they 
arc like light waves, heat waves, x rays, 
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cosmic rays, and other sorts of rays wrhich 
you may read of in our story of physics, but 
radio waves are mu( h hinger thai any of the 
others. All th(‘se various waves travel at 
about the same sj)eed -186,000 miles a 
second, or the speed of light. Since the metric 
system of measurement is the one w'c use in 
measuring w'aw lengths, let us .say, then, thai. 
they travel 300,000,000 meters a second- -a 
meter being 39.27 inches. 'Phis si>ecd is much 
greater than the speed of .sound which w'ill 

account for the interesting fact that we in 

Ameriia, sitting at 

home by the radio, 

can hear the voice of 
a statesman speaking 
in Kurope before the 

sound of his words 

can reach the ears of 

the listeners sitting at 
the back of the audi- 
torium in w'hich the 
broadcast is made. 

When radio waves 
travel along the 
earth’s surface they 
may take two differ- 
ent routes. They may 
stay close to the 
ground or they may 
mount high above it. 
The ones near the 
ground never go very' 
far, but the others can 
travel great distances -though not always 
without some disturbance, as w’c shall see. 
For at a height of from 70 to 200 miles above 
the earth is a layer of air that has become 
electrified as a result of the action of the ultra- 
violet rays of the sun. We call it the “Kcn- 
nelly-Heaviside layer,” in that way honoring 
the two men — one an American and the other 
an Englishman — who separately developed 
the theory of it. When ordinary radio waves 
strike the Kennelly (kC-ndl'l) -Heaviside layer 
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The dotted lines in our diRgram show the two paths 
that radio waves are believed to take in traveling 
through space during the daytime. As you see, the 
ground wave docs not travel far from the broadcasting 
station. But other waves from the same transmitter 
shoot into the sky until they reach the Kennelly- 
Heaviside layer of electrified air, which reflects them 
back to earth. They may be reflected back and forth 
in this way until they travel all the way around the 
earth. Very short waves, such as are used for fre- 
quency modulation broadcasts, go right through the 
Heaviside layer and on into space to be lost forever. 
For that reason, such broadcasts can be heard only a 
short distance from the station. In an ordinary broad- 
cast the waves may not be picked up by certain re- 
ceiving sets that are nevertheless near the station. 
That is because those sets happen to be located in a 
**skip space,'* where the waves have left the earth and 
have not yet been reflected back by the Heaviside 
layer. 
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they are reflected back to earth. But at night 
the layer splits up into two separate layers, 
and it sometimes hapjwns that a radio wave, 
breaking through the lower layer, gt)es bounc- 
ing along for some dis- 
tance before it can 

break through to the / \ /'' \ 

earth again. /\ 

This will e.xplain / 

why a radio set some- I — -- 

times fails to pick up V ! j\T * 

. . , r / n \ I ' 

a given station w’hen a 
set still farther away 

can get the station I'hnln fr*iin rmlerstandinie kulhi 

without trouble. The The behavior of radio wav< 
r 1 . - 1 from their behavior in the ( 

unsuccessful set is lo- the Heaviside layer movei 

cated in a “skip into 

,, ... ' radio wave succeeds in pei 

Space, W'hich the may be reflected back and 

Weaves missed when before it 

again. That is when we 
they wrere high up in cept 

the Kennclly- 1 lea vi- 

side layer. If the w^ave is reflected 

back to earth by the layer but gets 

here too late to reinforce the waves 

that arc traveling along the ground, I 

the sound that comes over the ra- tS< 

dio grow's faint- w’e say it “fades.” 

Everj'one has noticed that if the fcl 

motor of the electric ice bo.x starts 
to run while the radio is turned on, 
wc hear a distinct noise over the w 

radio. If an electric light is turned ■ 
on, the radio clicks. During a 
thunder storm the “static” or 
unwanted noise that comes over a 
radio— may be so loud as to dnjwn 
out the program. All this is be- 
cause radio weaves and what we 
know as “electromagnetic w'aves” f««*rn « 

are very close relatives. In fact . . 

without an electrical disturbance a radio t 
there could be no radio waves. the* ra^d^ 

/ If you have read our account of ncccssa^ f 
electricity — and if you wish to *^^road 
understand the radio you will have 
to do so — you will know that whenever an 
electrical force is applied to a wdre, millions 
of electrons are put into motion. If that 
force is the kind of electric current that most 
of us have in our houses— we call it an “al- 
ternating current,” or “AC” — the electrons 
are set hopping back and forth at a tremen- 


The behavior of radio waves at night is quite different 
from their behavior in the daytime. As darkness falls 
the Heaviside layer moves much farther away from 
the earth and splits into two separate layers. If a 
radio wave succeeds in penetrating the lower layer it 
may be reflected back and forth between the two lay- 
ers for some time before it is able to get back to earth 
again. That is when we get ‘‘fading*’ in radio re- 
ception. 


Hhoto fiiirii flarliu f'«*rp 

Our photograph shows 
a radio transmitting 
tube, used to produce 
the rapid oscillations 
necessa^ for sending 
out radio waves in a 
broadcast. 


dous rate, as fast as sixty limes — or sixty 
“cycles”— a st'cond. That rapid motion 
back and forth we refer to as oscillation 
(6s'Mri'shiin). One may sec the same kind of 
thing in a swinging 
pendulum. Current 
/ \ / \ ' coming from a battery 

\ never oscillates. ft 

flows along smoothly, 

" as water flows through 

" " “ \ V A / liose. We call it 

/ “direct current,” or 
“DC.” 

• -Mocra* Hill I o I ' 11 f o T 1 u 11 a t cl y a 

5 at night is quite different current that ost illates 
sytime. As darkness falls . ^ . , 

much farther away from Mxty times a .second 

«ro separate layers. If a swiii^.s back ajul forth 

etrating the lower layer it , 

brth between the two lay- too slowly to ser\ e as 

s able to get back to earth » rarlio u ivr 

set “fading” in radio re- ^ 

on. generator that sends 

electric ily to our 
houses would have to produce <i 
current in whkii tlu‘ electrons 
swTing back and forth, or oscill.ited, 

k al least ioo,cxx) limes a second be 
fore the current could be used to 
■T send out radio waxes. Jkit the 
o / electrons oscillating in an ordinary 

BjBfe electric c'urrent c.inand do send out 
^BB electrical imjiulses. \Chat we c'all 
“magnetic fields” arc set up around 
them, and as those fields change 
^BT with the running of the motor in 
the refrigerator or with the turning 
on of a light the disturliaiu es are 
sent out into space in the form of 
electromagnetic waves, and travel 
in all directions at ^^oo,o(Do,cxx> 
ho Oorp *.( meters a second. 

iph shows gencralor could produce a 

snsmitting current that would oscillate, or al- 
ScUtattoM ternatc, loo.ooo limes a second, 
r sending such a current could be u.scd to 
ftves in a radio waves. There arc 

several ways of making the elec- 
trons oscillate in this rapid fashion. Wc used 
to employ a device known as a “spark coil.” 
Then we used a high-frequency generator. 
But to-day we rely on a vacuum (v2Lk'u-fim) 
tube. It looks like the vacuum tubes in your 
receiving set, only it is much larger and more 
powerful 
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'riie reason why the waves sent out by the 
refrigerator can produce noises in the radio 
but hot a tone is exj)lained by the fact that 
they are not controlled in such a way as to 
make them re])roduce sounds. In like man- 
ner electrical storms may produce waves that 
will interfere with regular radio waves that 


tion that is sending out electrical impulses in 
which the electrons oscillate 1,000,000 times a 
secorul -or to i)ut it in commoner terms, it is 
sending out 1,000,000 radio waves a second. 

What Is a Radio ‘‘Frequency”? 

We know that radio waves travel at the 


are traveling through space. In that < ase the same speerl as light 186,000 miles, or 300,- 
radio waves cither fail to reacli your receiver 000,000 meters, per second. So if the 1,000,- 
or are dist(>rted w'hen they do ar- 000 waves have traveled 300,000,- 


rive. Radio waves also show tlu^ 
effects of the time of day, of the 
coming on of night, of the ap- 
pearance of sunspots on the sur- 
face of the sun, and of the dis- 
tance and conditions through 
which they travel. Some radio 
waves trav(‘l better by day, 
(jthers travel belter by night. 





000 meters by the end of a second, 
each wave must be 300 meters 
long for 300,000,000 divuled by 
1,000,000 equals 300. Tn other 
words, 300,000,000 divided by 
the length of a given w'ave will al- 
ways give you the frequency of 
the broadcast in kihxyclcs. 
d'he sjiced at which radio 


^ ‘ t 't / The even speed of the oscillations in . , . , 

-\nd some are much less af- a radio transmitting tube wiM be waves travel is al\\ays the 


fcclod tlian others are by the 
conditions we Jiave just de- 
scribed. 

You have watched tlie rip- 
|)les of water move outward 
ill ever-widening circ Ics when 
a stone was llirown into a 


controlled by a quartz crystal. The 
crystal is really a vibrating body, set 
in motion by feeble electric currents 
generated in the transmitting equip- 
ment that it is controlling. Tl:** 
unvarying swing of the vibrations - 
and consequently the exact length 
of the radio wave sent out by the 
transmitter depends upon the di- 
mensions to which the crystal has 
been ground. The grinding is so 


same— the speed of light — 
but the length of their step 
varies. 

It is much as it would be if 
tvvf) boys were tramping to- 
gether to a ball park. They 
would cover the same dis- 


Dond Radio \\ aves l(‘avc a precise that a fine quartz crystal can lance and get to the ball park 
• . , hold the frequency of a given trans- , . 1 4, 4.1 

wire in miRli llic same wav. mitter to within less than .005 per- tlic same time, out tne 


'rhev vary in length from a 
few meters to over 30,000 
meters, but not all of those 
wave lengths are being used 
for radio broadca.sling. 

“We broadcast at a fre- 


cent of the intended wave length. 
In actual use such c^stals are in- 
closed in a Bakelite body, or 
**holder,” which also holds the 
necessary equipment for making the 
electrical connections. As you will 
see from the picture, the device, like 
the tubes in your radio, can be 
plugged into a socket. 


shorter boy, because his steps 
were shorter, would have 
taken a good many more 
steps than the taller one. In 
terms of the radio, we might 
say that he had traveled at a 


qucncy of 1,000 kihxycles by “higher frequency.” 

the authority of the Federal Communications Now let us see just how it is that a vacuum 
Commission,” says tlie announcer. Hut tube, a little contrivance of metal and glass, 
what do those familiar words mean? If you can send out waves that travel at high fre- 


w'ill look at the dial of your radio set you will 
see that the numbers on it range from 550 to 
1,600 kilocycles (klFo-si'k’l) - or perhaps 
from .55 to 1.6 megacycles, a megacycle being 
1,000 kilocycles. This means that all the 
stations to wliich you ordinarily listen are 
sending out radio waves which fall, as wc say, 
within this range of “frequencies”- -or oscil- 
lations per second. You will remember that 
an oscillation is referred to as a “cycle.” 

Now a kilocycle is merely a word for 1,000 
cycles. So a station that is operating at a 
frequency of 1,000 kilocycles is merely a sta- 


ciucncies all the way around the earth in the 
fraction of a second. When you stretch a 
rubber band and pluck it to produce a sound, 
you will notice that it vibrates back and 
forth until it comes to rest. You will also 
notice tliat the distance through which the 
rubber band vibrates keeps getting shorter 
and shorter until the motion stops. In just 
the same way when an electric spark is 
created by a spark coil — that is, when the 
electrons, piling up on cither side of the nar- 
row gap in the electrical circuit, finally jump 
across the gap and make a spark — the elec- 


I 21 -'T 
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Ground ~ 


This is a diagram, not a picture. It shows the various ment. Those regular impulses are then amplified, just 
steps in broadcasting radio waves. The crystal holds as the much slower audio frequency waves carrying 
the oscillating tube, or **radio frequency generator,'’ to sounds from the microphone are amplified. After the 
an exact rate of oscillation, so that the frequency of the two kinds of waves have been combined the resulting 
radio wave will not vary and cause “interference” by waves are again amplified before they are sent to the 
wandering of! the band assigned to it by the govern- antenna, which will broadcast them through space. 

trical discharge shuttles back and forth, or tinuous carrier/’ wave, which will be made 
oscillates, across the ga]) until it comes to rest, up of vibrations that are all the same heigi t. 
Of course we cannot .see this oscillation be- 1'he answer is that a vacuum tube will df> 
c.‘'ise of the terrific speed at which it takes that for us. It is easv to geiUTate high fre* 
place. All wc see is a flash of light. But with quencies and to control the oscillations by 
a delicate instrument called an oscilloscope means of such a tube. 

(6-sil'6-skop) wc are able actually to see and But before the tube can send a broadcast 
study the form of an electrical wave. And ^out in the form of radio waves, the sounds 
on such an instrument the wavTs from our must have been picked u}) in some \\ay. 
spark coil look like a series of ( urves rising First of all. of course, someone speaks or 
and then gradually diminishing in height. singslhroughami(To|)hone,orptThapsmusic 
Each group of waves will have been pnnluced is played in front of it. A miirofihone is 
l)y one spark and will represent thousands of simjily a very sensitive telephone transmitter 
oscillations of var}'ing height. Because* the which changes sound waves into electrical 
oscillations die down toward the end of each impulses, just as an ordinary telejihone does, 
group, or wave, we call this a “clamped radio You may read all about the process in our 
wave.’’ story of the telephone, 'fhose impulses - 

Damped radio waves arc too irregular to which w^<‘ call “audio-frequency currents” be- 
serve in transmitting speech or music, but cau.se they vibrate slowly enough to lie heard 
♦hey can be used to senci noises whic h can be arc then sent into a radio tube W’liich builds 
made long or shcjrt to represent dots and up, or “amplifies,” them. The weaves, or 
dashes. In this way they are able to traii.smit oscillations, are then much higher than bc- 
messages in the Morse code. That is the fore, 

way in w^hich these waves were first used by All the while that this is going on another 
Marconi in his wireless telegraph. tube will be producing radio-frec 4 uency cur- 

Naturally, one at once wonders how, if we rents -or, as we say, the tube is ‘‘oscillating.” 
have a damped radio wave, we can make it Those oscillations arc much more rapid than 
carry speech and music — or, as the scientists the impulses coming from the first tube, 
say, convert it into an “undamped,” or “con- They are moving back and forth at very high 
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AnienyLa. Lnton-na 



~ ^ Ground-^ -r 


This diagram shows the principal stages in communi- pick them up, and a receiving set that will utilize them 

eating by radio. We must have a transmitter to produce in a way to make them yield the sounds of the broad- 

the waves that will carry the broadcast, an antenna to cast. You will notice that both the transmitter and the 

start the waves traveling through space, an antenna to receiver are connected with the ground. 


freqiicnrics, and will eventually produce the 
undamped larricr waves we have already 
mentioned. 

H(»lh of th.- 'currents, the audio-frequency 
and I he radio-fre(tuenc‘y, will now he sent into 
a lul)e w}ii( h we may call a mixer. I’he 
mixer will combine 


‘‘amplitude/* of these waves which has been 
changed by m(Khilation. Quite a different 
])attern has been given to them, correspond- 
ing to the sounds from the muTOfdione that 
were r(‘gislered upon the audio-frequency 
waves. It i^ that change in height which 
makes it possible for 


the two curnMits, so 
tluit \N hat comes out 
will be a high-fre- 
(juency radiot urrent 
I hanged, or “modi- 
lied,” by the low- 
fri*qu(‘ncy audio i ur- 
auit. d'he result will 
be what ^^e know as 
i “modulated” 
mbd'u-lat) lurrent. 
rhat modulated ra- 
<lio current will be 
further amidified by 
other tubes and fi- 
nally sent into a 
transmitting aerial 
a w'ire Jir wires, or 
perhaps a rod, 
stretched above the 
ground -where it 
w ill cause modulated 
radio w'aves to leave 
the wire and move 
through space. 

It is the height, or 



Pbi'tii Ornmil I 


We do not know just what radio waves would look like if 
we could see them, but by means of diagrams we can give 
you an idea of what happens when a radio wave is made 
to carry the sounds picked up by a microphone in a broad- 
cast. At the left above is the “continuous carrier wave* 

- the electrical impulse sent out from the radio transmit- 
ting tube that is rapidly oscillating during any broadcast. 
In such a current the electrons arc hopping rapidly up and 
down, as is shown by the fact that their path in the diagram 
takes them both above and below the straight horizontal 
line, which indicates an interval of time as well as the di- 
rection in which the waves are traveling. In the center 
above is a diagram of an audio frequency wave. This is 
the wave that carries sounds from the microphone. As 
you will see, it is much slower than tibMArrier wave, for a 
single pulsation fills the same inteWal of time that is 
shown in the diagram at the left. The diagram at the nght 
shows what happens to the carrier waves and the audio 
frequency waves after they have been “mixed** and are 
ready to be sent out from the aerial as “modulated earner 
waves.** You will notice that the frequency of the carrier 
wave is unchanged, but that its height or “amplitude**- 
has been altered to fit the amplitude of the audio frequency 
waves, which will vary in shape according to the sounds to 
be transmitted. 


the outgoing waves 
eventually to re- 
j)r(Kluce, as well as 
may be, all the var- 
ious (jualities of the 
original sound. \Ye 
say that the audio- 
frequency waves 
have been “im- 
pressed*’ ui)oii the 
ra dio-f requency 
waves. 

And now our ra- 
dio program has 
been sent racing 
through space, borne 
by the modulated 
radio waves that we 
have just described. 
Hut that is only half 
the story. How are 
we going to bring 
the waves into our 
homes and change 
those silent, invisi- 
ble impulses of elcc- 
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trical energ>' back into the original sounds 
that were sent out at the broadcasting sta- 
tion? \Vc shall do this by means of the re- 
ceiving set that sits upon our table or stands 
against the wall. 

You may have seen 


in perfect alignment with similar controls at 
the broadcasting station. The more perfectly 
we align these two sets of controls, the more 
accurate will be the tuning and Ihe clearer 
and more perfect the “reception’’ — or the 
sounds the radio gives 


an experiment that is 
often {performed with 
two violin strings 
tuned to exactly the 
same pitch. When 
one of the strings is 
played upon — that is, 
when it is set vibrat ing 
by a bow or by being 
plucked — the other 
string also begins to 
vibrate, for it “picks 
up^ ’ the vibrat ionssent 
through the air by the 
first string, and begins 



forth in reproducing 
the program. Let us 
examine those cont roK 
both in the transmit- 
ter and in our own set. 

Thefre(juc*n( yof the 
radio waves sent out 
by the transmitting 
aerial— the one that 
broadcast the pro- 
gram was controlled 
by the very i a leful ad- 
justment (^f two dif- 
ferent kinds of devices. 
One was a conden^'CT 


to move with them. 


and the other con 


This is more or less 
what happens in a ra- 
dio receiving set. 
When radio waves 
coming from the 
\ arious broadcasting 
stations strike the 
aerial connected with 
your receiving set, 
theycreiile oscillations 
just like the ones .sent 
out from the broad- 
casting station. One 
of those oscillating ra- 
dio currents will have 
to be selected from all 
the rest by your re- 
ceiving set, and the 
others will have to be 
shut out, before you 
can hear a program. 
In other words, you 
will have to ‘Hune in’* 
to one of the currents. 

When we say we 
tune in to a station we 
mean that we adjust 
certain controls on our 
receiving set in such a 
way that they will be 



At the top above is a picture of the devices which 
make it possible for you to bring in a broadcast on 
your radio. Below the picture is a diagram which 
will make it easier for you to see how it all works. 
Your radio’s antenna shown by the triangle at the 
top of the diagram —is the part of your receiving set 
that picks up the radio waves as they travel through 
space. The horizontal parallel lines at the bottom 
of the diagram represent the ground, with which the 
antenna should always be connected. The antenna 
coils— shown by the loops in the diagram and by the 
upright cylinder in the picture are two coils of fine 
wire wound on a cardboard cylinder. They act as 
a transformer and strengthen the weak currents that 
have been picked up. If your set is a powerful one 
an antenna will not be necessary for bringing in local 
broadcasts. But an antenna will always make the 
signals stronger, and is necessary for short-wave 
reception. Its length ia of great importance for 
bringing in clear signals. Of course the waves from 
a great many different broadcasts will strike the an- 
tenna, and if we heard them all there would be 
nothing but a jumble of sounds. But a variable 
condenser shown at the rig^t of the antenna coils 
in the picture and in the diagram by two parallel 
lines with an arrow across them- can be turned to 
adjust the set ao that waves of only one frequency — 
that ia, from a single broadcast — wiH be brought to 
your ears. When you turn the dial of your radio 
yot* are really adjusting your variable condenser. 


sisteci of ( oils i)f wile. 
Those two (le\ices 
controlled the fie- 
(jiuMuy of the ladio 
WiiNes hy I on I rolling 
the fref|uen(y of the 
os( illatin^ elei trie eii 
cuil from which the 
radio wiives were 
broadcast. Our storv 
of electricity will tell 
you about the j)arl a 
coil {)lays in an elec- 
trical circuit. 

A “condenser” is 
merely a device for 
.storing up an electri- 
cal charge. You have 
probably amused 
yourself by shuffling 
across a woolen rug 
and then touching a 
metal lamp in order 
to see an elect ric spark 
shoot from your finger 
tip. You were robbing 
the woolen rug of elec- 
trons and were so over- 
charged with “static 
electricity'*— elcc- 


lai-M 




^ antenna 
or al^fi- 
m al. The 
1^; m o d u - 
m la tor 
F * current 
is im- 
K posed 
^ upon 
^ the an- 
t e n - 
na-to- i 
V- J ground 
i\i circuit 
(Gi)so 
; 5 that 
' j radio 
' y waves 
■ ,! with 
I speech 
i modu- 
K j lations 

t 

broad- 
il cast 
into 

from 

thean- 

tenna 

Ni. 


I M. The modulator receives 
the current from O and from 
T Gi A. The resulting cunent is 

a high-frequency radio current with speech modulations. 


Ns. The re- I 
ceiving anten- cH 
na. Speech- H 
fluctuating flg 
currents are 
induced in the an- 
tenna-to-ground 
circuit (GiV. F. 

The tuner. Tum- 
in g the knob 
changes the posi- 
n tion of a series of 
ncv condensers so 
^ Ithat they are able 
II / to bring in waves 
^/of a desired fre- 
jft' quency. - — ; 


I Radio waves I 
I throug h sp ace { 

R. This consists of two 
stages of radio amplifi- 
cation, in which the en- 
ergy of the received cur- 
rent is magnified without 
altering its fluctuations. 


^The 

/ Na ■ detec- 
fl torvac- 
I u u m 
n tube 
(H where 
the al- 
io^ ternat- 
ing current is recti- 
fied. The speech 
modulations are still 
present, though the 
current now flows 
V in but one direction. 


S. This consists of two stages of audio amplification, in which the 
energy of the rectified but modulated current 
magnified 

mC\ Oi. further. 


Radio Reception 




B. Source of high-voltage di- i 

HHHHIw rect current which is able to operate a I Ra 
loud speaker. L. The loud speaker LI_ 
changes the pulsating audio currents into the original sounds. 
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Irons at rest— that an electrical pressure was 
created in your body. It was strong enough to 
push the extra electrons off into the lamp, 
which had fewer than your body had. You 



In the simplest form of receiving set the listener hears 
the broadcast through earphones. The waves from 
the broadcasting station we call them **signals*'- 
come in through the antenna and are strengthened 
by the antenna coils. With the aid of the variable 
condenser we are then able to select the signals we 
want to hear that is, we tune in to the desired fre- 
quency and pick up a given broadcast. But we still 
cannot hear it. In order to make those alternating 
**carrier” currents yield us sound we must change 
them into one-directional, pulsating, audio-frequency 
cti. rents. A galena crystal will do this, and so make 
it possible for us to hear the broadcast through the 
earphones. 

could have discharged those extra electrons 
on to the cheek of another person provided 
that he had not been shuffling about on the 
rug. 

The condensers in a radio .set act in much 
the siime way. All of them have two or more 
metal plates that are separated by >omc sub- 
stance that is a poor conductor of electricity 
—air, paper, mica, wax. The plates arc able 
to store up charges of electricity, just as your 
body did — the size of the charge depending 
upon the size of the plates, the distance be- 
tween them, and the substance that separates 
them. 

There arc several tyi>es of condenser in 
your radio set. One type — the “variable 
condenser’’ — consists of two sets of thin metal 
plates separated by air. One set is station- 
ary, but the other set may be turned back and 
forth in such a way that its plates will inter- 
leave with the plates of the first set — much 
as our fingers “interleave” when wc start to 
clasp our hands. When you tune your radio 


set by turning the knob to a number on the 
dial, you are changing the position of the 
second set of plates in a variable condenser 
and thereby changing the “electrical cai)ac- 
ily” of the condenser — that is, you are in- 
creasing or decreasing its ability to store 
electricity. By doing this you will be chang- 
ing the frequency to which your set has been 
tune<I. When the ])lales of the variable con- 
denser reach a position in which the fre- 
quency of some transmitting station i-* repro- 
duced, you will begin to hear the broadcast 
that station is sending out. 

Tuning a radio, then, is simply a matter of 
adjusting a variable condenser to match 
some frc(|uency that is being broadcast. Of 
course, that frecjuency must be within the 
range of your set -or, more exactly, within 
the frecjuencv range of the parliculai coil in 
your set. We may say here that it is more 
common to speak of the “frecjuenry" of a 
ratlio w'a\e Ilian it is to s]>eak of its “wave 
length," though one dejiends on the other 

Xow’ let us see just how tho^e oscillating 
curri‘nls that \ou have jusi tuned in to and 
that are very much weaker than when t he\ lir^t 
left the broadcasting station, are si rengtlu ncd 
and changed to the audible sound waxes 
that will come out of the loud s|H*akc r. 

When a nidio signal the waves from a 
broadcast --centers a receiver it first of all 
*must be made a little stronger. A trails 
former -or “antenna coil" -is used to give 
the W’cak current additional strength. The 
antenna coil con.si^ts of two coils oi line w'ire 
wound on a cardlioard cxiinder. One coil 
the priinary-~is connected between the an- 
tenna and the ground. The high-freciueiuy 
currents surging from the antenna, through 
the coil, into the ground, and then back 
again, induce .similar but more powerful 
oscillations in the larger, secondary coil. 
The secondary coil is in turn connected with 
the variable condenser used for tuning. 

Just as singing a note into a piano will 
cause the string which normally gives out 
that note to begin vibrating, and just as a 
pendulum continues to swing as long as the 
pushes given it arc limed proijerly, so the 
secondary coil and its tuning condenser will 
respona to only one fre(iuency from all those 
appearing in the primary of the antenna 
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In this diagram you see the movement of electrons 
inside a two-element vacuum tube, or diode. An 
electric current from the A battery is heating the V- 
shaped filament standing up at the base of the tube. 
The heat forces the filament to give off electrons, 
which are negative charges of electricity. Here they 
are shown as little circles with an arrow on one side. 
Meanwhile the plate at the top of the tube- is re- 
ceiving a strong positive charge from the B battery, 
which is connected with the plate through its positive 
terminal and with the filament through its negative 
terminal. Attracted by the positively charged plate, 
the negatively charged electrons thrown off by the 
heated filaa'.nt .awve in steady procession across the 
space between the filament and the plate. And this 
current is reinforced by electrons moving from the 
negative terminal of the B battery to the filament and 
then across to the plate. That circuit through the B 
battery and the plate is called the * Opiate circuit.” 

toil. The frequency which the 'Secondary 
C(»il and condenser select and allow to flow 
through, de])en<K upon the si/e of the coil 
and the electrical capacity of the condenser. 
With a few turns of wiie and a condenser of 
low' lapac ily, the combination will select and 
jiass alon^ a hi^h frecjuency. Increase the 
capacity, and a lowvr frec|ueiKy is pa.s'-ed. 
I'he luninj; unit, consisting of the antenna 
coil and variable condenser, thus ha,s the 
job of building up and selecting from the 
babel of radio ^ignals the one >ve W'i^h to 
hear. 

At first guess one miglit think that all 
one would need to do to make the modulated 
signal audible w'ould be to connect a jiair of 
earphones across the tuning condenser. Hut 
this would prove to be unsatisfactory. I*- 
when high-freciiiency alternating current 
passes through the magnet coils of the ear- 
phones, it causes the diaphragms (dr.i-fr.lm) 
to be pulled and pushed with eciual force 
several hundred thousand times in one 
.second. Our story of the telephone will e.\- 
plain this to you. Since the diaphragms 


are relatively large masses of matter and 
therefore are rather hard to pull or push, 
they cannot follow those individual pushes 
and pulls w'hich are coming so rapidly. In- 
sleacl they follow the average of all the 
pushes and [lulls and so do not move at all. 

But if, by some means, w'c could prevent 
the current from reversing -if the earphones 
could get only the pulls without the pushes 
—then the diaphragm would follow the 
changes in the amount of pull. The motion 
of the <liaphnigm w^ould then be the result 
of more or less [)ull ujion it. Since the 
strength of the pull varies exactly in time 
with the modulating, or voice, wave, the 
diaphragm will move in accordance with 



This diagram of a vacuum tube looks more compli- 
cated than it ivally is. The tube, which is of a simple 
type, is a sealed glass bulb containing a vacuum and 
cemented into a Bakelite base. Out of the cement con- 
tained in the base there rises a short glass stem into 
which are fastened the wires supporting the three 
‘^elements,” or electrodes, which the tube incloses. 
One of these, the filament, is a fine V-shaped wire held 
in place in the center of the tube. It is surrounded by a 
spiral of fine wire, which makes up the grid. And sur- 
rounding both grid and filament is the plate, a round or 
rectangular tube that may be made of solid metal or of a 
fine mesh. Y^u must imagine the plate as cut away on 
the side toward you in the diagram, in order to show the 
grid and filament inside it. And you must also imagine 
that the silver which coats the inside of the glass bulb 
has been removed on the side toward you. Wires run- 
ning through the hollow contact prongs set into the 
tube’s base make separate electrical connections with 
the grid, the filament, and the plate. Those prongs 
make it possible to plug the tube into a prepared socket. 
After the tube has been constructed, the air inside it is 
drawn out through the narrow tube labeled ”base 
seal,” and the tube is sealed to keep the air out. 

those variations and so reproduce the sound 
impressed on the radio wave at the trans- 
mitting studio. Thus, in order to make 
radio waves yield up the bound waves — 
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Above are two diagrams of a triode vacuum tube. 
Like a diode tube, it has a V-shaped filament at its 
base and a plate at the top. But between them is a 
small wire screen or grating called the **grid" shown 
here by the zigzag line across the center of the tube. 
In the diagram at the left the grid has been given a 
negative charge. As in our diagram of a diode tube, 
the plate is connected with the positive terminal of 
a B battery and has a positive charge. The A battery 
serves to heat the filament. When the heated fila- 
ment throws off its negatively charged electrons- 
shown as small circles with an arrow— they are, for 
the most part, repelled by the negatively charged grid 
and only a few reach the plate. The result is that 



the current through the plate circuit is greatly weak' 
ened or even cut off entirely. But if the grid is given 
a positive charge— as in the diagram at the right 
the stream of electrons flowing from the filament is 
greatly increased. For the grid helps the positively 
charged plate in pulling electrons from the filament. 
Since the grid is after all a mere network of fine wires, 
most of the electrons slip by it and reach the plate. 
In this way the flow of electrons through the plate 
and the B battery- thal is, through the plate circuit 
is greatly increased. Small changes in the grid volt- 
age- that is, in the strength of the charge on the 
grid will produce very great changes in the strength 
of the plate circuit. 


wl^ich they carry in much the way that a 
horse carries a rider --wc must change the 
radio-frequency ‘‘carrier” currents that are 
hopping up and down in the antenna wire 
into one-directional, pulsating, audio-frc- 
({ucncy currents. This process is called 
“demodulation,” or “detection.” 

There are several ways of “detecting” 
radio w^ves. A now outdated method uses 
a crystal of galena (ga-le'na)— that is, lead 
sulphide — to do the job. Such a crystal 
has an interesting characteristic. It will al- 
low current to flow through it in only one 
direction. It is like a one-way street. In- 
serting the galena crystal in the circuit with 
the earphones keeps the current from hop- 
ping back and forth. The current through 
the earphones then becomes varying direct 
current, varying in time with the voice or 
music that is being broadcast. This kind 
of current then makes the vibrating dia- 
phragm reproduce the original sound. 

But the crystal detector is not very satis- 
factory. The user generally has difficulty 
in finding a .sensitive spot on the crystal — 
one that will accomplish detection, or bring 


in the broadcast he is tuning int(» I'lirthcr- 
more, those sensitive spots after a time cease 
to be sensitive, and then it is neiess;ir\ to 
shift the ctnUact to another [)art of the 
crystal. The most reliable melhcxl of de- 
'tection, and the one most fre(juentl> used 
in modern radio sets, employs a \aruum 
tube and is called “diode detection.” 

A radio vacuum tube is like an electric- 
light bulb except that other metal elements 
have been added inside the bulb. 'Fhe 
simplest form of tube is the diode (di'ofl). It 
is a sealed glass fiulb containing a vacuum and 
a filament, or w'ire, w^hich has an electrical 
connection through the wall of the lube. Op- 
posite the filament is a small metal jilatc, also 
with an electrical connection through the w^all 
of the tube. When the filament is healed by 
an electric current from a battery— called the 
A battery— it gives off electrons, which of 
course are negative charges of electricity. 
Many of the electrons return at once to the 
filament, for they are attracted by the pro- 
tons (pro't6n), or positive electrical charges, 
which helped to make up the atoms from 
which the electrons have been wrenched loose. 
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But some of llie electrons never get back. A 
certain number drift over to the metal plate. 

If the plate has been connected with a wire 
going to the filament, the electrons will set up 
a very . faint electrical current betw’ccn the 
[date and the filament. 

Now if we can give 
the plate a strong i>osi“ 
tive charge from an- 
other battery and at 
the same time jirovide 
more electrons for the 
filament, we can over- 
come the attraction of 
the electrons left on the 
filament and draw all 
the wandering elec Irons 
to the [date 'I his sec - 
ond battciv called the 
B battery is put into 
the circuit of the vac- 
uum t ubc in sue h a way 
that its ter- 

minal is ( onnec tc*d with 
the plate while its nega- 
tive teiminal connects 
with the filament. 

I'hen, when the fila- 
ment Is hc*ate(l, a steady 
stream of elc*c troii'^ will 
move from the lu'gativ'c 
terminal of the B bat- 
tery to the filament, 
across the space in the 
lube betwenm the fila- 
ment and the jdate, 
and then from the jilate 
back to the positive 
terminal of the B bat- 
tery. This circuit in 
w'hich the electrons from 
the B liattery How, is called the plate circuit. 

It is important to notice what would hap- 
pen if the B-battery were connected in re- 
verse. The plate would then be made nega- 
tive and the filament [xisitive. Electrons 
would be unable to leave the filament be- 
cause of its high [lositive c'harge and there 
would be no flow of current in the plate 
circuit. Let us follow this idea one step 
further. If alternating current wwc ap- 
plied across the filament and plate of a vac- 
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A vibrator, shown here, must he used in a re- 
ceiving set that depends upon batteries for its 
source of electneity. So you will find it in radios 
used in airplanes, automobiles, ships, and many 
farmhouses. It steps up a low-voltage direct 
current coming from the battery to a high- 
voltage alternating current, which must then be 
rectified. 


uum tube, what do you think would happen? 
Each lime the plate was positive and the 
filament negative, a current would flow. But 
as the alternating current reversed and the 
plate became negative and the filament 
positive, the current in 
the plate circuit would 
cease to ilow'. 'Fhis 
tube containing plate 
and filcimenl— the 
diode tube— acts like a 
“valve," allowing the 
current t(i ilow' through 
it in one direction bin 
not in the other. 

You will remember 
that the galena crystal 
serves as a (ietecl<»r by 
permitting ( urrent to 
f)a^'^ through it in only 
one direction. By sub- 
stituting a diode vac- 
uum lube for the 
crystal, we accomjdish 
the same puqnjse and 
are able to get more 
reliable detet tion 
Both the galena and 
diode detec tors do their 
job of making it [los- 
sible to hear low fre- 
cjucncies carried by ra- 
ciio-frcc[uency waves. 
But they do no more 
'rhe amount of energy 
vvhic h is j)ut into the ear- 
phones of sue h receivers 
is siniplv the energy 
picked uj> by the an- 
tenna - an unbeliev ably 
small amount. Vc^lt ages 
set up in receiving antennas are no larger 
than a few' millionths of a volt. The prob- 
lem then is to take these liny currents and 
magnify them. 

The “iriodc" (tri'fxl') vacuum tube is used 
to am[)lify signals of bolli the audio- and 
radio-frequency ly[>os. The Iriode has a 
third element placed betw’een the filament 
and the plate. This third element, which 
consists of a small wire screen or grating, 
is called the “grid.” 
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If wc ^ivc the grid a posit i\e charge we 
can greatly increase the stream of electrons 
llowing from the filament to the plate. KleC' 

Irons are drawn to a 
positive grid, but be- 
cause the grid is just 

a network ohine wires, . ^ 

most of the electrons f ^ ^ ^\ \ 

jiass right through 1 - \\ 

a. 1 move on to the W^nr-ii.r ^ 

plate. If the grid is 
negatively charged, 
most of the electrons f f 

will be turned bitek to ^ 

the filament and the (i^ 

How of current in the Phnto from ' f nd^rNtamliuK Kn lu 

J)latc circuit will be These are the parts of a d; 

great Iv weakened nr AeW coU, consisting of thoi 
gruiu> wedKcneci or gts inside the sheU, A, an 

even shut off. The im- the center of the shell. 

,»nant of the SrSK'S 

triode lies in the tance through the hole in th 
4 • . 1 . is just room for the voice 

lacl that since the the cone to fit over the en 

grid is so much closer the disk. Fii 

? .t i-i , ,, is the paper cone, with coi 
to the h lament than paper around the cone's i 

the plate is, small back and ^h freel; 

- * the voice coil. The **spid< 

enanges in the num- with three curved arms h 

her? of elertrons on in the center of the h«e in 
oers oi eieurons on rub against either the iron 

the grid produce great put transformer which c 

rhnniTPtt in fha. with an iron core -will ate 

enanges in the j)late- current from the plate of 

circuit current. This current is sent on 


Phnto from ' I nd^rNtamliuK Kft M« * iraet Mill f'o. 

These are the parts of a dynamic loud speaker. The 
field coil, consisting of thousands of turns of fine wire, 
fits inside the shell, A, and over the iron core, B, in 
the center of the shell. These two pieces form an 
electromagnet. The iron disk, C, fits over the end of 
the shell, with the core protruding a very short dis- 
tance through the hole in the center of the disk. There 
is just room for the voice coil- at the narrow end of 
the cone to fit over the end of the iron core, between 
the core and the disk. Fixed in an open metal frame 
is the paper cone, with corrugations pressed into the 
paper around the cone's rim, so that the cone can 
move back and forth freely as currents flow through 
the voice coil. The **spider" a metal or fiber disk 
with three curved arms holds the voice coil squarely 
in the center of the hole in the disk, so that it will not 
rub against either the iron core or the disk. The out- 
put transformer which contains two coils of wire 
with an iron core -will step down the voltage of the 
current from the plate of the audio tube before the 
current is sent on to the voice coil. 


is the secret of the ra- 
dio amplifier, for if wc put a feebly varying 
voltage on the grid of a Iriode, a stronger 
current varying in time with the weaker cur- 
rent appears in the plate circuit. 


If we I hen add to our diode detector a 
Iriotle amplifier, we i an im reaM; (lie \oluim 
of the received signal. 'The “loujiling” ol 
two viuuiim tube" 
^^a^ formerlv dom* b\ 

X \ ‘ transformer, but in 

l V ^iiodern ladio sels 

\ I li\ed ( ondenser-^ and 

'f y resist ois uirr\ ihe'Nig 

^ ^ \ JJ *‘*^*^^^ 

the next Several 
“stages’’ ..of amplifi- 
r (at ion (an be added 

' in this fashion. 

The \ and bat 

Miiifo. current.s ne(‘d not 

aamic loud speaker. The (ome from batteries. 
Ands of turns of fine wire, 

over the iron core, B, in certain circuil ar 

hese two pieces form an raiigemen I s ( urren \ 
sk, C, fits over the end of , , , , . 

trading a very short dis- from the house lines 

center of the disk. There ^an he made l<» sui)- 
»il- at the narrow end of , , ^ 

1 of the iron core, between J>ly the neccs.sary 

d in an open metal frame ... a \ 

ligations pressed into the , ' ^ ‘ * 

m, so that the cone can 1 ne A Current in a 

as currents flow through ..'irniim 1 iibf> hiv; <mlv 

r" a metal or fiber disk 

Ids the voice coil squarely one duty — to heat the 
he disk, so that it will not r i . i t 

Dre or the disk. The out- filament. But when 

ntains two coils of wire it is an alternating 
down the voltage of the , . ^ 

le audio tube before the current. It causes a 
;o the voice coil. i,^ the set, and 


that of course mars 
g the reception. To overcome that hum the 
;r filament is surrounded by a ( hcmically coated 

r- lube celled a cathode. In one of these 

‘Vathode tubes” it is merely the duty of the 
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Above on the left is a diagram of a modulated radio 
wave Such a current, if put directly into earphones, 
would produce no sound, for the diaphragm in the 
earphone would be pushed as hard as it was pulled 
and so would remain stationary We have indicated 
this fact by the straight dotted line AB, which indi- 
cates the average of the pushes and pulls 

The lower diagram on the left shows a radio wave 
that has been detected that is, a wave that we can 
hear You will notice that the lower half of the wave 
has been canceled out and that the average is now 
represented by the wavy line A' B It a telephone 



receiver were plugged in on such a current its dia- 
phragm would be pulled back and forth with varying 
force, and consequently we should be able to hear the 
sounds carried by the wave 

Above on the nght is an amplitude-modulated wave 
Here it is the strength of the wave that has been 
changed by the voice or audio frequencies It has 
not yet been detected Below ^B) is a frequency 
modulated wave In this case it is the frequency of 
the wave that is changed by the voice or audio fre- 
quencies This IS the type of wave used for what is 
known as FM reception 



The diagram at the left shows how sound is recorded 
on a film First the sound is converted into a vary- 
ing electric current by the microphone The amplified 
current is then sent into two ribbonlike wires The 
resulting magnetic field around each of these wires 
will cause them to repel each other As the current 
vanes, the extent to which they repel each other also 
vanes and this in turn causes a variation in the width 
of the slit between the wires Those vanaUons in 
the slit in turn cause vanations in the amount of bght 
focused on the edge of the film by the lens 

The diagram at the nght will explain to you the 
process by which sound film is “read” that is, con- 
verted back into sound Light from the exciter lamp 



at the bottom of the diagram — is sent through a 
narrow slit The resulting narrow ray of light is then 
thrown on the sound track and illumines a sma 1 sec- 
tion of It After the ray ot light passes through the 
sound track it is focused by a lens on a photoelectnc 
tube In this way variations in the blackness of the 
sound track afled the bnlhance of the ray of ught, 
which in turn affects the strength ot the electrical im- 
pulses flowing through the photoelectnc tube In 
other words, the variations in the sound track have 
been converted back into vanaUons m electnc current 
Those vanaUons in the current will now be turned into 
sound after the fashion we have described in this 
article and will be heard through the loud speaker 


hlcimenl to heat the cathode, \\hKh in turn 
^vlll ^i\c ofT the tlt(lron'^ 

'I he construe lion and u^i of \acuuni tubes 
belong to what is known as the scicnie of 
clcetronus (e Itk tinn^ks), whuh has to do 
with the bchaMor of electrons when lht\ do 
not form part of an electrical cuiient or elec- 
trical chaige 

Tn the older and simpler radio sets the 
sound came to the listener through ear- 
phones lUit m a rnoilcin radio set the 
weak “bignalb” -or bounds -that could be 
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heard onh ♦hrough the eaiphones are mag- 
nitic'd b\ a loud ^ptakci until the\ can be 
hcaid ihrougliout a laigc room This is 
managed b\ making certain changes in the 
simple ‘^ct wc' hi\c jU'^t described Instead 
of sending the cui rents from the aerial di- 
reeth into the grid ol a tube that will rectif\ 
them, wt liisl send them into the grid ol a 
triocle like the one we described lirst one 
that will mcieh aniplih the currentb with 
out changing then character This tube ib 
called a radio frequenc> amphticr. 

T 
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The plate of the radio-frequency amplifier 
then carries strenglheneil currents into a 
diode detector, which will have only to de- 
mcKlulate them — that is, change them into 
audio-frequency currents. 

Now if we feed this detected or rectified 
current to a third tube — the “power ampli- 
fier“ — which can amplify the audio frequen- 
cies, w'e shall finally be able to produce 
strong currents j>ulsating at a low frequency. 
Such a current can reproduce souruls in a 
loud speaker. I'he second tube will be 
coupled to the third by pieans of a trans- 
former, or perhaps in other ways. iVnd 
ill a powerful set more than one tube may be 
used to amplify the radio-freciuency or audio- 
freqiiency signals. Large audio-current am- 
plifiers, such a.-* boom out the line of a game 
in a ball park, use several lubes to amjilify 
the audio currents, wliich come in through 
a microphone. 

Tremendous strides in the designing of 
radio lubes have given us the excellent, 
rugged product we have to-day. Two or 
more tubes may be built into the same glass 
envelope, in this way saving space, material, 
and cost. Some modern tubes have several 
grids instead of just one. Increasing the 
number of grids increases the control we 
have over the flow of electrons. Multi- 
element tubes— that is, tubes containing, for 
instance, a number of extra grids “-generally 
operate on the same princiiile as the triodc 
but are particularly fitted to perform certain 
jobs in the receiver or amplifier. 

At la.s( we have brought the radio currents 
to the loud speaker, which will take the final 
step and turn them into sounds that can be 
heard ever\'where in the rcnim. The loud 
speaker in your receiving set is probably a 
“d>Tiamic sjK'akcr.” It consists of two main 
parts — i) a iK)werful electromagnet which 
has its iron core close to, but not quite touch- 
ing, the narrow end of 2) a pajxir cone. -It 
is the movement of this cone which prcnluces 
the sound waves that we hear. 

The cone is cemented at the large, oi^cn 
end to a frame which is tightly screwed to the 
cabinet that holds the set. A strip of felt or 
leather is pasted to the rim of the cone to 
make good contact with the board to which 
it is screwed, for that board will act as a 



The Above photograph shows a short section of the 
sound track on a moving picture film. Those dark 
lines on the white spaces wUl be turned into sound. 

sounding board. A small coil - known as the 
“voice coil”-- is wound around the narrow 
end of the cone, and receives its current from 
a transformer —known as the “output trans- 
former” -which couples it to the j^Iate of 
the audio-amplifying tube. In other words, 
the voice coil is receiving the currents that 
were originally brought in by the aerial. The 
larger coil -the one that has an iron core 
receives its current from the house current. 
Sometimes a strong permanent magnet takes 
the place of the larger coil. When a mag- 
netic field is produced in the large field coil, 
the small voice coil moves somewhat as coiK 
of wire move in a niotor. And wlien the 
voice coil receives audio-freciuency currerll^ 
from the output transformer, it causes cor 
responding fluctuations in the magnetic field 
around it. Tho.se llucluations start vibra 
lions in the paper cone, and thP vibrations 
in the cone produce .sounds. 

Between ttnd 1040 Professor Edwin II. 
Armstrong of &)lumbia University developed 
his system of broadcasting which is known as 
“freciuency modulation” — or “FM.” The 
wav^es he uses are cjuitc out.side the range of 
those used in the ordinary radio broadcast, 
so likely to be noisy, 'rhey range from <S8 
to loS megacycles. Each FM station has a 
channel 200 kilocycles wide, which does away 
with interference. But more than that, (he 
channels of the ordinary stations are loo nar- 
row to allow all the tones of a broadcast to be 
Iran.smitted. A keen ear will pick up vibra- 
tions at frecjucncics ranging from 16 to io,- 
000 vibrations per second. But the standard 
broadcasts can transmit over a range of only 
5,000 vibrations. This means that much of 
the quality of a lone is lost. FM, with its 
vdder channel, can preserve the true quality 
of the sounds that are sent out from the 
broadcasting studio. 
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More important still, the radio wave used 
for FM is different from an ordinary radio 
w*ave. Frequency modulation d(x‘s not 
change — or modulate— the amplitude of a 
radio wave when it changes that wave in 
order to make it carry sounds. Instead, it 
changes the wave’s frequency. A loud «iound, 
for instance, re<iuires a higher frecjuency than 
a low sound. Waves of this kind are not inter- 
fered with by waves that cause “static” — 
that is, by waves sent out by storms or by 
other kinds of electrical ecjuipment. 

Neither does a fre(tucncy modulation 
brojidcasl suffer from fading. The waves it 
uses are so short that the ones shooting into 
the sky go right through the Kennelly- 
Ileavisifle layer and never arc reflected back 
to earth. In other words, only the ground 
waves ever reach the receiving set. But this 
has a great disadvantage. All radio waves 
travel in 'straight lines. I’he only reason why 
an ordinary l>roadtast can be heard all the 
wav arour.J t!>v • urving earth is that the 


waves are reflected back by the Kcnnelly- 
Heaviside layer. Since FM waves are never 
reflected back, they cease to be heard when 
the earth curves away from the straight path 
they are following. This means that an FM 
broadcast can be heard only from 50 to 100 
miles from the station. It must then be re- 
broadcast, if it is to have a large audience. 

A receiving set for FM broadcasts is very 
much like a common supei heterodyne re- 
ceiver with some special features added. 
A su[)erhetcrodync fsu'per-hdt'er-o-din) re- 
ceiver modifies the frequency of the incoming 
signals before it amplifies and detects them. 
An FM set adds a “limiter tube” to filter out 
noise and currents from ordinary broadcasts 
that will creep in along with the FM cur- 
rents. and besides this has a “discrimination 
lube” to change the frecjuency variations to 
audio vaiiations. The set will be provided 
with a ''pecial loud speaker because the audio 
currents are of a higher frequency than they 
are in ordinary sets. 


At first glance this might be 
taken for a view of some new 
kind of smokestack sending 
out smoke. Actually it is an 
FM transmitting antenna that 
is being subjected to man- 
made lightning bolts of no 
million horsepower. Because 
they are so vulnerable to it all 
antennae must be made re- 
sistant to lightning. 
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What changes the fluctuating vision? 10 126 

Related Material 


How are ocean cables laitl? 10- 
105 

What has been done with the tele- 
phone wires in our big cities? 
10 -1 12, T 13 

What are electrons? 1-2, 499, 
541-42, 13-^ 

How small is an electron? i- 
280 

What is the difference between 


radio and light weaves? i 419 
What apparatus is used for radio 
tran.smission? 10 120 
How is a mystery story bn>adcast 
from coast to coast 10 115, 
119, 121 

Compare the wonders of televi- 
sion with the remarkable things 
that can be done with X rays, 

10 125, 492-95 


Summary Statement 

Television has macle vast prog- at a distance, fniprov'ements are 
re.ss and can bring us pictures of .still coming and many more mjir- 
many sorts of events taking place vels lie in the future. 
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TELEVISION 



From this control room in one of our large television gram producer. In the center is the camera monitor- 
broadcasting studios programs go out daily over the ing desk. And in the background is a view of that 
air. The youn?' woman in the foreground is the pro- part of the studio which will appear in the broadcast. 


SENDING PICTURES through SPACE 

This Story Will Tell How Television Lets Us See Certain Things 
Hundreds of Miles Away, and How We May Some 
Day See Many More of Them 



OMK (lay when you sit clown to your 
lcU‘phone and call up your friend a 
mile away, or a hundred miles away, 


tiling that we can now hear by telephone or 
radb. For the word Television” means only 
“far seeing.” 


\ou may see liim as he lakes down the re- 
ceiver and says “Hello!” ^"ou may watch 
him smile as you say you want to bring the 
car around and lake him for a si>in, and you 
may notice his taking out his w’alth to see 
how^ soon you will gel there. You may look 
to see whether he will have to dress before 
you arrive. In a word, you may see your 
friend, and watch everyliiing he does, just 
as well as you now hear him. 

Already people who own telex ision sets 
may sit by their radios and watch a baseball 
game, see the inauguration of the President 
of the United Slates, or enjoy a concert, 
play, or an opera put on in the studio or tele- 
vised from the stage on whkh it is taking 
place. There are a large number of television 
transmitting stations over the country, 
and manufacturers arc all the while mak- 
ing receiving sets better and cheaper. Kven- 
lually we shall probably be able to see any- 


interesting Uses of Television 

but the*-* are other things that television 
can d(» for us -jierhaps more imjxirlant than 
gix ing u ' iiileresiing programs. By means of 
a dexke known as Ullrafax, which combines 
radio, telex ision, and photography, it can 
send 1,000,000 words a minute over a whole 
continent relegra])hy has never done any- 
thing like this. 

In nuKlern warfare television will play a 
part ill guiding missiles and planes to their 
targets. We de not knoxv just hoxx this is 
done, but we know that it is happening. For 
just as the proximity fuse — installed in the 
nose of bombs in World War 11 is a very, 
very tiny radio sending and receiving set, 
in the same xvay a telex ision receiving set 
may be installed in a bomb and send or re- 
ceive pictures that xvill help the missile on 
its course toxvaril the target. 
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rhiit<i« b> ll«'l 1 ekplioiie ( u 


'Telephoning a photograph” sounds very strange, but At first it was a mere blur, but finally it developed 
that is just what happened to the picture shown above, into a clear picture. 


The idea of television is not so very new. perfectly."" In 1932 some people in London 

A good many years ago a German named saw the finish of the Derl)y, the famous Eng- 

Xipkow patented a machine for sending pic- lish horse race at Epsom Downs, 

tures over the wire. His idea, and indeed the We can give some idea of the way modern 
whole idea behind television, was that if an television works. First of all, how does 

electric current can be made to carry sound, your telephone work? It does not really 


it can be made to carry light as well; and it carry sounds over a wire or through the air. 


is light that makes a picture, as 
anyone with a camera or vdih 
two e\es must know. At hot 
tom his machine was 
made on the right lines; ^ 

but it could never be 
suercssful because the 
in ruments of his clay 
were too crude for the 
fine work that had to be ^ 
done to send a picture { 
that would be satisfac- ; 
tory. ' 

In 1923, when a 
Scotsman named John 
Logic Baird went to 
work on the problem, he had 
two new inventions to help him 
— the photo-electric cell and the 
vacuum tube. With these at his 



i'koto r»y Bril reUpLuue Ou 

Here you see the first public 


It carries nothing but electric cur- 
rent. The sounds at one end of 
the telephone set up vibra- 
tions, these act on the 
current running to the 
other end, and thcie 
the current sets up tlic 
same vibiations, next 
vour ear, those vibra- 
tions reproduce the 
.sound that *made the 
ones at the iirst end, 
and you hear them. 
You seem to hear jour 
friend’s voice, a little 
altered. What you really 
hear is a reproduction of the 
sound of his voice. 

Now television docs for light 
what the telephone does for 


command, he followed the main demonstration of television, sound. It catches the light from 


idea of Nipkow to much greater 

success, and it was not long be- »•«>“• •nd Telegraph Com- 


a scene at one end, makes this 
set up vibrations that go over a 


fore people w'ere seeing pictures SJ^^inme^tim*? l^kmg at wire or through the air, and then 
of things happening far away. Secretary Wash- makes the vibralioas rcjirocluce 

By 1926 such pictures were shown a similar light at the other end 


before the Royal Institution in London. In to form a picture of the scene with which we 
the next year pictures were shown in Wash- started. Then you seem to sec the scene, 
ington of events in New York; and one year just as you seemed to hear the voice. What 
later still Mr. Baird sent some pictures in you really sec is a reproduction of the scene, 
color across the Atlantic. In 1930 the first If that is all, why .should it }>e harder to 
television play was given in Schenectady, send a ])icturc over the air than the sound 
N. Ye, and the actors were seen and heard of an orchestra? The answer is that pic- 
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In 1/30 of a second the elec- 
tron beam scans the entire 
image by moving across, drop- 
ping a little, and then moving 
across again Every time it 
strikes a silver particle that is 
receiving light from the man’s 
head, a radio signal is flashed 
through space The trans- 
mitter thus translates the pic- 
ture into electrical pulsations 
which are then broadcast 


Hor nt'l icne t r I 

ind Syrichron i f y j I 


Television Receive^ 

A radio receiver picks up the 
electrical impulses sent out by 
the transmitter They are 
amplified and sent into the 
kinescope (kin ft-skdp), a cath- 
ode ray vacuum tube contam- 
ing a window of fluorescent 
material 


Fluo esccnc 


The fluorescent wmdow glows 
greemsh white wherever the 
beam strikes it Electromag- 
nets swmg the beam m step 
with the beam in the icono- 
scope The inconung signal 
vanes the intensity of the mov- 
ing spot so that It traces out a 
pattern in light exactly like the 
image on the mosaic plate 











TELEVISION 


turcs can be very complicated things. For 
example, look carefully at a picture of a 
crowd of i)eoplc or of all the players doing 
different things on a football field. The pic- 
ture is complex, not because the people are 
so numerous but because the varieties of 
light and shade arc so numerous. For what 
wc are really sending, as we said, is light; 
and to make the picture look at all correct, 
wc have to send at one time a vast number 
of lights and .shades. 

You will realize this, 
as any painter does, 
if you look at a friend’s 
face as he sits by a 
window, and try to 
count the number of 
lights and shades in 
the different features 
of his countenance. 

Then imagine a whole 
football team in mo- 
tion over a green field, 
under a blue sky with 
varying clouds, 
against a background 
of waving banners of 
many a hue in many 
a kind of light. 

We cannot send all 
these sorts of lights at 
once in the same way 
w'c send all sorts of 
sounds. At one mo- 
ment we may send 
every sound an 
orchestra is making, 
or almost every one. 

We cannot do that for 
light — the thing is 
very much more com- 
plicated, and lakes far 
more clever and expensive machinery. We 
can send the noise of a w'hole crowd over 
the telephone about as easily as the shout of 
a single person; but to send the picture of a 
crowd is very much harder than to send the 
picture of one person in it. 

How the picture is broken down, trans- 
mitted, and then reassembled can be better 
told by pictures than with words. If you 
will look at the diagram we have given and 


read the explanations, you will have a good 
idea of how we send an image by means of 
an electric current. But first you will'need 
to read on other pages what we have said 
about electronic tubes. 

The television transmitting tube is gen- 
erally either an iconoscope (i-k6n'6-skop) or 
an orlhicon (or'thi-krm). The two tubes do 
not look exactly alike and one is slightly 
more sensitive than the other, but the basic 
princi|>le is about the 
same for both. The 
heart of the television 
transmitting tube is a 
mica (ml'ka) j)lale up- 
on which liny (lro[)lets 
of metallic silver are 
deposited. Kach drop- 
let is separate from 
its neighbor, just a« 
the tiles of a mosaic 
(imV/.l'lk) are sepa- 
rali‘dl)\ plaster, 'liie 
silver droplets are 
(oaleil with caesium 
(se'/T nm). Kadidroj)- 
lei is a miniature 
phototube. 

The image that is, 
the i>l)jec t to be 
“telecast'’ is throw’ii 
on to the mosaic plate, 
'fhe dark jiarts of the 
image do not affect 
the droplets in their 
.se( lions of the jdale. 
But clioplels struck 
wulh light are forced 
to give up some elec- 
trons. Thus an “elec- 
tron image” is built 
up on the mosaic 
plate. Starting from the top an electron 
beam is pulled across and back by electro- 
magnets or charged plate's situated at the 
neck of the tube. The beam scans the en- 
tire mosaic plate in 525 lines. Fc^r 262J 
Irifis the beam is pulled across the mosaic 
plate, each lime dropping a little lower be- 
fore beginning the next trip. When the 
image i.^ scanned once, the .scanning beam 
begins again. This time the beam scans 



When experiments were made in ‘*stratovision’* 
or the broadcasting of television programs from an 
airplane six miles high— it was necessary for opera- 
tors to wear oxygen masks and heavy flying suits, 
as the one above is doing. For the only planes in 
use for such work were converted bombers. Later 
planes give the three members of the flight crew and 
the six radio technicians every comfort known to 
aviation. Stratovision makes it possible to send 
out nationwide broadcasts of television and fre- 
quency-modulation programs at a reasonable cost. 
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This scene in the control room of a big broadcasting are six pictures > or “frames”- that show what is 

studio will give you some idea of one of the final steps about to go out over the air. The frame that is fourth 

in sending out a television program. It is at these from the left contains the television matenal that was 

desks that the “mixing” is done. In other words» it ready to broadcast at the moment when our photo- 

is here that sound is matched to sight and speech and graph was taken. The other frames contam matenal 

action are synchronized and sent out exactly together. that is “coming up” — toat is, they will be broadcast 

In the upper left-hand corner is a glimpse of the studio in turn, after the smiling face of the girl has been 

where the broadcast is being enacted. Just below it sent out. 


bctivan lliu prcxioiis lines. Another 2O2I 
Irijis atross and the whoh* is scanned, 

'rhe total of s-’s lint‘s ^tanning is aeeom- 
plished in of a second. 

What does this scanning do? As the elec- 
tron beam jiasses each pariiile of .sensitized 
silver it intjuires, in its own way, as to whether 
or not electrons have been removed from 
the silver by light. If none have been 
knocked out, no ele( trons flow from the beam. 
If, however, the beam comes upon a i)article 
from which electrons have been removt'd, 
the beam supplies the needed electrons aiul 
a signal is sent out over the air. 

At the receiving end theie is a similar 
electron gun producing a similar stream of 
electrons. This time, however, the electron 
beam is not directed against a mosaic plate. 
Instead, it strikes a screen of fluorescent 


(rt(iri'(Vr{^‘''i nt) material at the far end of the 
lube— that a screen made of material that 
it'self can emit light when it is exposed to 
certain kinds of rays. The electronic tube 
on ^\hich the telex ision image appears is 
called the “kinescope” (kin'O-skop), or cath- 
ode tkcilh'od) ray tube. 

The eli ctron beam in the kinescope is 
moved back and forth in exact step with 
the beam in the transmitting tube. The 
incoming signal, after being amplitied. is 
apiflied to a ni gatively charged grid which 
normally prevents electrons from the “gun ^ 
from striking the fluorescent screen. W hen 
a signal enters the grid, however, it causes 
the grid to become less negative and so 
allows some electrons to strike the screen. 
This causes the screen to glow. As a result, 
light appears on the kinescope screen at ex- 
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When the usual methods of broadcastins are used, treme left. Normally the program would be heard 

television and frequency-modulation programs will not within only a narrow radius. But since it is starting 

carry beyond the horizon, for the radio waves on which from a point that is over z,ooo feet high it has a good 

they are transmitted travel out in straight lines and deal wider horizon-— so wide that it can be picked up 

are not reflected back to earth. This great handicap by a relay station on top of a mountain zap miles away, 

has been partially overcome by relaying the broad- From there it is sent on to a large broadcasting station 

casts — of course at great expense. The sketch shown in Schenectady, New York-shown at the extreme right 

above gives you a profile view of such a relay. The in our sketch. The station there rebroadcasts the pro- 
program is being broadcast from the top of the Empire gram from its transmitter on a mountaintop iii miles 

State Building in New York City — shown at the ex- away. 

actly the same points at which the light fell To keep the kinescope electron beam ex- 
on the mosaic plate. Since the intensity of actly in step with the beam in the trans- 

the signal sent out varies with the amount milting tube, the transmitter sends s])ccial 

of light striking a particular point on the “synchronizing” (sln'kr6-nlz) signals. These 

mosaic, the kinescope can reproduce the signals have two jobs. They tell the kine- 

varjdng degrees of shading in the original scope electron beam when to start scanning 

image. a new line and when to start a new picture. 



I'hotoby Westtnghouse 


Above, a television and frequency modulation radio where inside the large circle, which has a radius of 
program is being beamed from a ground station to an azz miles. Broadcasts direct from the studio would 
airplane 30,000 feet up, and will be broadcast from cover omy the small circle, with a radius of some 50 
the plane. It will be picked up by receivers every- miles. 
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TRANSPORTATION 


Reading* Unit 

No. 1 


PRIMITIVE LAND TRANSPORT 


Xofr: For basic in i or mat ion 
not jound on this pagr, c onsnlt 
the general Index ^ VoL 75. 


For statistical and current facts, 
consult the Richards Year Book 
index. 


Interesting Pacts Explained 


Mini’s handicap as a runner, 10 
I 28 

When man be^an to pul burdens 
on the backs of his wolf do^s, 
10 1 29 

How Xorth American Indians 
hitched dogs to a travois, 10 
129 

The amount of rice a man can 


carry while traveling, 10-130 
Man as a beast of burden, 10- 
MO-32 

How Kskimos hitch dogs to their 
sleds. 10—130, 133 
The value of the camel as a bur- 
den bearer, 10-132, 134 
Other animals which carry our 
loads for us, 10-132-34 


Things to Think About 


Where are men still used as beasts 
of burden 

Which animals enjoy the snow 
and cold of the Arctic regions? 
How did camels help in the builil' 


ing of the Au'^tralian railroad 
across Xu-stralia^ 

How iire eoods carried through 
the Jungle to the steamers on 
the ( 'on go Ki\er? 


Related ^laterial 


Where is the home of the wild 
donkey? 4 349 ^ 5^9 
What do ox carts look like? 10 

Why were horses important for 
civilization? 5-87 
Why are Shetland ponies loved all 


over the world? 4-350, 6—486 
How' is the camel aide Xn help 
man to conquer desert wastes? 
5 395. 444 

How does our loyal friend, the 
dog, help us? 4-492. 498. 501 


I^eisure^titne A ctivities 

PROJECT NO. i: Make a PROJECT NO. 2: ^Fake a 

trav'ois hir your flog to pull along, model of a sedan chair, 10-132 

10 128-29 

Summary Statement 

The horse the ox. and the <hH*.s man's old friend the dog. 

mule, the elephant and the llama I hey were doing so long before 
still bear our burdens, and .so histoiy began. 
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OU can no more do that than fly!*’ 
cried a father to his boy. 

And strangely enough, at the very 
moment an airplane was flying over their 
heads, high above the city street. Vet 
n< ither of them ev^en looked up. The sight 
had grown too common! 

Now the fact that people still u.se the 
father’s phrase shows how lately man has 
taken to wings; and in the long history of 
our race, speed of any kind is just as much 
of a novelty. Wise men say that it is about 
300,000 years since man api)cared on the 
earth, but all our machines for hurrying 
about — steamboat, railway, automobile, air- 
plane — have come in the last century and 
a half. If the long upward journey of our 
kind should be compared for length to a <lay 
of twenty-four hours, it would be only for 
about the last half minute that we have 
been dashing about on steamboats and rail- 
way trains. Not a very long ride! 

You see, man was not made by nature for 
a speeding animal. Any number of fleet 
little four-footed beasts can beat him at 
that game. Just try a race with a doer or a 
fox, a hare or a whipjiet! Man’s clumsy 
legs are slow in getting him over the ground; 
and the birds of the air and the fish of the 
sea could have laughed at him often. 


But though he started with a handicaj), 
man had one gre.it advantage over his little 
friends of forest and lield and slieani It 
did not lie in the fact that he could carry 
things in his arms and upon his bat k, though 
that was a good deal better than always 
carrying them in his mouth, like a squirrel 
or a mother cat. U lay only in his busy, 
contriving, imagining brain. 

For during all the centuries since he began, 
man has been lravt‘ling on his brain! Kver 
since the early days when he had t)nly his 
own two legs to move on and his own two 
arms to carry with, he has constantly been 
helping himself along with his brain, until 
now he can fly from New' York to London in 
only a few hours, and can carry half a million 
limes his own weight around the world by 
land and sea. What a story lies in between! 

Man Begins to Carry Things 

We have no notion who thought up the 
earliest means of carrying things from place 
to place. Probably many men worked out 
their own notions. But ever since they 
started, man has been pushing and prying 
and nosing about the globe, each year grow- 
ing richer in things and in idejis. Century 
by century he has come to own more of the 
world — that is, he has made himself able 
2 « 
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to use more of it. He has bored into the the young kids or cubs or lambs of some 

mountains and taken away their treasured beast he had killed. And as these young 

minerals, he has reached out here for sugar, creatures grew uf) around the cave, played 

there for rubber, and everywhere for every with by the children and cared for by the 

sort of thing to meet his need and aid his family, they became dej^endent on their 
progress. And he has learned better and human friends for food and kindness, and 
belter ways to carry all lhe.se things home. each generation grew less and 

Up through the ages he has traveled and ^dj|k^Iess wild, 
carried on his brain. He is still doing it. Man soon learned that 

At first he was occui)ied witli the his sheep and goals could 

mere struggle for food. He hunted ^ be useful to him for flesh 

other animals and was hunted by Ji. ^ clothing. So 

them. Many of them were far iR w began to keep flocks of 

more swift and powerful than he. i them, which he had to move 

but his brain hinted to him that I about from place to place in 

he might carry a club both to JmII A search of grass. As for those 

defend himself and to make ^ ^ pla\ ful wolf cubs — when they 

his killings. Kxcept for the g grew* tamer he found they 

food he may have brought \ could help to guard the 

to his helpless babies, his A flock. By this time mov- 

club may w*eU have been the \ ing about meant transport- 

first thing he ever carried. ing more things than the 

It was the beginning of women of the himily could 

carr>' So man began to 

Then, when man discov- pnt burdens on the backs 

ered tire, far back in the dim of his wolf dogs or taught 

past, he found out. no doubt jSj them to drag things over the 

in* some lucky accident, that ^ \ jugJ giound. In this way some of 

fire would cook hi^ [t)od R JW V ihe North American Indians, be- 

That made his food taste K Jr p ^ fore the Spanianls brought them 
better and kee]) longer. So W W \ 1 horse^;, liiuhcd dogs to a travois 

after a time, instead of eat- ^ / \ I (tra-voi'), a kind of drag which 

ing his fill wherever he ha])- " f \ a ^^>nie of them still use with their 

pened to fell his j)r(*v, he / ’ \ ^ ponies. When they moved, they 

must have got into the habit L dumped their possessions into a 

of carrying his kill all the bound them to 

way back to be cooked at the two tent ]H)les. One 

the fire in his cave. As rh.uou imh m i-, n, end of each pole was fast- 

tinic went on, he gradually This was man’s first method of eiied to the dog s back and the 
found himself moving about JSwelSioS! ‘lagged along the 


ktlXl 11U1114.V11 lllCJltlT) I 
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more and more, and carrying 
more and more things. At this stage, the 
woman was probably the [)rincipal burden 
bearer. She w*ould naturally carry the babies 
and whatever else she could, .so as to leave 
her mate free to defend the family and ^ 
pursue game. 

The First Beasts of Burden 

Then some resourceful forefather of ours 
began to tame the animals. Perhaps this 
may have started by bis taking to his cave 


ground. 

Dogs may well have l)ecn the first of all the 
animals to be taken into the family. No one 
knows. At any rate, long before man began 
to keep any wiitten record of what he did, 
dugs and horses and donkeys and o.xen and 
elephants and camels were helping him to 
con(]ucr the earth. Man was using many 
more legs to get himself and his goods over- 
land than the two that nature had given him 
To this day, with all our whizzing trains 
and automobiles, our speeding boats and 
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planes, vvc can still find j>cople in the world was being cai 
who ship their goods on human legs. The and sneered 
Australian blackfellow, setting up camp borne throne 
wherever the food and water are good, sedan (se-diln 
carries his throwing stick and his boomerang, men as beast 
while his wife carries the baby and whatever the sedan chr 
household gear they may own. In some of had jxipjied i 
the roadless hill country of the Philippines always think i 
and in parts of China, where man 

power is cheap and the roads are ** 

nothing but tracks, tlie 
trav^cl^^^ still rides^ in a 

But a nian^can car^^^ 

enorm^ius load on a jigger^^^^ 

IS made of two strong pieces of 

wood joined together at one I*hoio li> \iurririn Mii>«(UIu uf Natural History 

end to form the sides of a letter There is something about the little 
A, and is barred with strong m'LM'* 


crosspieces. The burden is pendent. For \ 

bound to this frame, which has ^ent” in^rnTny ^ 

sling pieces at each side for the “d “ny a ui< 
, , 1 au his hi 

bearer s arms. In the Congo 

thousands of black men walk the jungle 

paths, carrying on their heads great loads 

of rubber and ivory and palm oil and copper 

to steamers on the Congo River or to ships 

waiting for cargoes on the coast. 

If You Had Lived in Old London 

There have even been times in the past 
when transport on human legs was the 
height of fashion — provided, of course, that 
those legs did not belong to the man who 


There is something about the little 
donkey that everybody loves he is 
so sturdy, so comical, and so inde- 
pendent. For thousands of years 
he has carried man’s burdens pa- 
tiently in many parts of the world, 
and many a tale has been told to 
show his humble wisdom. 


was being carried! At first people laughed 
and sneered when a haughty duke was 
borne through the London streets . in a 
sedan (se-diln'). It seemed inhuman to use 
men as beasts of burden. Rut before long 
the sedan chair, both private and for hire, 
had jxipjied up over all the city; and we 
always think (if the eighteenth century belle 
^ as peejiing coquettishly out from 
“^Wllf^lla) its becoming shadows. 

I'hc Eskimos use dogs 
j j p ! for their sleds, just as they 

have done for nobody 
knows how long. Little 
1 Eskimo children, play- 

ing with furry husky 
pu]>s about the igkio, 
training them 
jLjhhw^hBhV earl\ by harnessing 
them to (.rude sort 
of sled or perhaps to the 
P^^Rnn dead caribou or the 

bleached shin bones (if a pokir 

I ¥ thousand-pound load lan k*'(.p 

I * up a slea(l\ ]>a(.e of two miles 

L'yl au hour w hen drawn by a^rn.in, 

^ ; Xot many years ago (hi)h- 
Iberia broke out at Nome in 
dead of the Alaskan win- 
ter, with the nearest ariti- 

* toxin ()t;o miles away. I'or 
urn of Natural fi VT (Idys iind a Half the world 

g about the little breathlessly watched the 

wffand'lo indi- "‘‘"'spapers while rel.i>s of 
lusands of years huskies, under the dir(‘clion 
‘^"oftteTorW^ of ’^'■ave and skilled drivers, 

has been told to rushed the precious remedy 
ble wisdom. ai_ *iji r 

over the wilderness of snow 

and jagged ice. With the temperature some 
of tlic time at sixty degrees below zero, by 
day and by night without taking time to rest, 
heedless of bleeding wounds and frozen feet, 
the relay's of dogs covered the ground in half 
the time it had ever been covered in before, 
and delivered the serum in time to save the 
city. Their average was 120 miles a day, 
and one team did 170 miles without rest. 
In Central Park, New York, is a statue of 
Balto, the heroic lead dog who, on the last 
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In HolUnd heavy loads are pushed over 
the ice and snow on sledges like these — and 
a fine creaking the runners must make 
on a frosty day It may seem a slow 
K way to get your coal and potatoes 
^ home, but it is well to remember that 
■ ^ to have all our groceries delivered 
by motor adds to 
V. their cost These 

people can- 




This Pliilip- 
pine mother. 
1^1 who IS only 
thirteen years 
old. tucks cne 
of her babies 
away on her 
mF back m a good 
safe place 
^ where he is 
out of the way. 






PRIMITIVE LAND TRANSPORT 


Here are two of 
the sedan chairs 
that earned fash- 
ionable London- 
ers about in the 
eighteenth cen- 
tury. As you may 
see, they had cer- 
tain devices that 
promoted socia- 
bility. And they 
made a most be- 
witching frame 
for a pretty face. 
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Above is the only express tram of 
the men of the north, but how swift 
it IS 1 The sturdy dogs can brave the 
fiercest weather, and can take their 
driver home when he is completely 
lost. The lead dog must possess 
remarkable qualities of captainship, 
and be able to trounce any dog in 
the team. 






The dignified 


the people of 


■% 




The mail truck 
in Switzerland 
often goes about 
on four legs, and ' 
weary those legs 
must get a 
Chnstmas time 


In Norway the 
horses are hitched 
to sledges hke 
this one, and jolly 
sport it IS to speed 
behind them over 
the cnsp snow. 


A 


"I 




The rein- 
deer IS not 
afraid of 
the coldest 
weather. 




■■ ■ 
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Phntu h> Mar\lani( lliatorirul s<iiipty 

This pretty sedan chair was used in Maryland in 1750. from one engagement to another, and ladies found a 
Those were leisurely days, when no one ever rushed sedan much more comfortable than horseback. 


lap of the journey, led the way through a 
bliz-iard so thick that his master could never 
Y ve found his path if he had not simply 
trusted his noble dog’s sure instinct. 

In Alaska and Siberia the steeds of Santa 
Claus are faithful servants to man, but the 
reindeer of Lapland are best of all. There 
a good team can go at the rate of ten miles 
an hour, and a good reindeer can co\er 150 
miles in a day when the snow is hard and 
the temperature is thirty or forty degrees 
below zero. He does not ha\'e to carry his 
own food, either, for he can dig down through 
the snow and nibble the Arctic moss wher- 
ever he stops. 

Perhaps the oldest trade route in the 
w’orld is the one the caravans traveled 
through Palestine down into Egypt. Teas 
and silks and perfumes from China, India, 
and Japan, cari>ets from Persia, coffee from 
the coast of Arabia, Moroccan velvets and 
Russian hides, all came over the desert on 
the backs of patient camels to the merchants 
of Mecca and Baghdad. And still the long 
caravans, like gigantic serpents, cover the 
same hot road. Automobiles and railroads 


are fast replacing them, but the until ing 
camel, able to go for several days on his 
stored-up supply of water, can cover the 
yielding sand from oasis to oasis at fifu 
miles a day, and bear the bru»t of heavy 
construction work in thirsty places. The 
• coast to coast railway in Australia could 
probably never have been laid if camels 
had not been used to transport suj)plies 
and materials. A camel can carry the 
load of three horses on his back, and has 
more endurance than any other transport 
animal. 

We Found Something Better Than Legs 

The horse, the ox, and the mule, the ele- 
phant and the llama still bear the burdens 
of man. But thousands of years ago man 
began to ease the load of all his lowly serv- 
ants when some superb genius gave us one 
of the greatest inventions of all time. Ilis 
name is lost to us, but his work lives on, for 
he changed the whole of human life. He is 
the man who invented the wheel; and no 
one since has invented anything that is more 
important. 
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Reading Unit 
No. 2 

PRIMITIVE WATER TRANSPORT 


Note: For basic information For statistical and current facts ^ 

not found on this page^ consult consult the Richards Year Book 
the general Index ^ VoL 75. Index. 

Interesting Pacts Explained 

How early man rode down a river How the Eskimos made their 
astride a 10-136 kayaks, 10-139 

Lashing together to make When canoes gave way to sails 

rafts, 10-136-37 10- 139-40 

The first real boats, 10-137-38 When early man learned to steer 

The Indians and their birch-bark his craft, 10-140 

canoes, 10-138 

Picture Hunt 

Wherc‘ are oddly shaped canoes What makes the Eskimo's kavak 
used. 10 I ^8, 140 very light? 10-139 

Related Material 

How is a canoe paddled’-* 14 “shells"^ 14-532 

S500-11 What kind of boats did the 

Hciw long ha\e the South Ameri- Phoenicians u^^e on the Medi- 

can Indians been building reed terranean'* 

boats-' 5 4191^ What kinds of boats are used on 

How do Eskimos fish? 1-199,9- the Euphrates? 5 go, 94 

How are great logs from the for- 
W'here are basket work boats ests taken to the mill? 9 249, 

used^ 12 130, 134 251 

Why .are racing boats called 

Practical Applications 

How are canoes and boats kept rials that are close at hand? 

on a true course’** 10 140 10-136-40 

How’ are boats made from mate- 

Eeis u re^ti tn e A cti vit ies 

PROfEC'T NO. i; Alake a niodel of an ancient Egyptian 
model of a “baEa." 10 136 boat, 10 140 

PROJEt' F NO. 2; Oarve out a 

Summev v Statement 

Man's first water conveyance were invented. When they had 
was doubtless a log or branch, been skillfully shaped and given 
but after a time the log vras hoi- polos or paddles and ii rudder, 
lowed out to make a boat, and man was able to navigate the 
rafts, canoes, and other craft rivers and lakes of the world. 
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Photo by Aiuerioan Muiicuut uf Nat mhI llihti>r> 

PRIMITIVE WATER TRANSPORT 


How We Learned to Ride the Water on the Poles and 
Dugouts That Were the First Parents of the 
Ocean Greyhounds of To-day 


S AVE you ever watched an ocean liner 
come into port, breasting her way in 
majesty up the harbor and looming 
huger and huger until at last she towereil 
like an ocean palace at her pier and set 
down passengers enough to fill a whole town? 
‘^What a wonderful invention!'' you may 
have heard someone exclaim. 

But there would be no lordly liners now 
if some rude genius thousands of years ago 
had not found out how to beat the bafiling 
rivers by riding them on a log, and later in a 
dugout. For the log and dugout w^ere the 
first parents of all the ships that sail, though 
many a century of marvelous invention was 
needed to transform the log into a liner. 
Before the day of that rude genius a man 
vftio came to a river, or a lake or ocean, had 
no sort of way to get across except by swim- 
ming. On the land he could go almost any- 
where he pleased, though only very slowly, 
but on the W'atcr he could hardly move at 
all. But once in a while some man who was 
swept down a flooded river would grab at a 
log in the stream and so be carried safe to 
land somewhere below. Others would leain 
of the escape, and would know how to save 


them&clves when they WTre caught in a 
flood — at least if theie was any log con- 
venient. And w'hcn the gcniius came along 
he showed his brilliance by grabbing at a 
log, or even launching one, without waiting 
for a flood at all -simply because he wanted 
•to go dow’nstream. On that day he became 
the father of all w’ater transport. How 
glorious he must have felt to be riding dowm 
the pulsing river astride his new invention! 

And that is about as far as some of the 
j^eoplc in the world to-day have ever gone. 
Kvery hut owmer in certain tribes about 
Lake Chad in Cential Africa has one or 
two floats made of a certain wood that 
growls there. Tt is five times lighter than 
cork. The floats are shaped like a fish, 
curving up at one end and tapering toward 
a point at the other. The men and women 
throw themselves on these floats and swim 
off in the water almost as fast as they can 
run on land. 

After a while another genius found out 
that several logs lashed together would do 
much better than just one by itself. So he 
started making rafts on which a whole 
family night ride. He also learned how to 
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MihIoI |»v Nr ’ « M in 4I11 •! lie City f Sew \ ,ik. 

The first New Yorkers made their boats like this one to make a craft a good deal like a rowboat. Those 

It was just a tree trunk cut m two and hollowed out bttle skiffs once swarmed on the Hudson. 


])ush cin<I ^ukIo his nifl with ,i long jiole 
lo this (la> the exploicis ^^h<) go far up 
toward the headwateis of the Ama/on em- 
])loy the rafts of light balsa wckxI which the 
Indians there have known how^ to make for 
nobody knows how long. Some of the 
Imlians in the tropics make theii lafts of 
four or live banana stems held together with 
rods of bamboo. 

The First Real Boat 

In the vailexs of the Tigris and Kujdirales 
they still have a clev’er trick that was in- 
vented thousands of >ears ago. Rafts made 
of timber and loaded with corn and dates 
and sesame seed are poled down the rivers 
to market buoyed up by the skins of sheep 
and goats filled with air. When they come 
to the market, the ow’iier sells both the timl>ei 
in his raft and the cargo on it; then he Icis 
the air out of the skins and trudges home 
with them on his back. 

But if man had gone only as far as in- 
venting rafts, wc should never have had our 
ships to sail the seven seas. lie thought 
out another w^ay of making his log useful to 


him in the water. Perhaj)s a hollow tree 
lloating downstream and riding high in the 
water may have given him the idea. \t 
any rate, he soon learned that if he hollowed 
out his log it would be lighter and would 
carry more. Thus he made his first dugout 
— which we may as well call his first boat. 

ft was a tiemendous job to make the thing. 
.Sometimes he would start with a log that 
he found already fallen in the woods, but 
linally he and the men of his tribe came to 
the point where they would j)ick out a fine 
tall tree in the forest and cut it down with 
theii stone axes, aided perhaps by fire. 
\ext they would trim off the branches and 
cut off the top, still with the stone imple- 
ments which were all they had. Then they 
would smooth the sides and shape the round 
tiunk roughly into the form of a fish, which, 
they had discovered, w'ould make it move 
more easily through the water. More weeks 
and months must be s|x'nt in digging out 
the center. First a row of fires would be 
lighted along the trunk. Then with sharp- 
ened stones or shells the boat builders would 
go at the task of gouging and scraping. 
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Next the hollow place might be filled with 
w’atcr heated by dropping red-hot stones 
into it and widened by fore ing in cross pieces 
while the wood was steaming hot. The 
finest dugouts on the North American con- 
tinent wore made in just this way by the 
Indians of the Northwest. Some of the 
dugouts were sixty-five feet long and eight 
feet wide and couhl 
carry as much as five 
tons. They w'ere 
made from yellow' 
cedar. 

In some parts of 
the w'orld the men of 
old built boats of 
bark or skins 
stretched over light, 
strong frames. The 
Eskimos used drift- 
w'Oixi or the ribs of 
whales for the frame 
of their kayaks 
(kl'ak), and covered 
them with seal or 
walrus skin. They 
carried the skins 
rigfit over the toi)s, 
just leaving one or 
two holes for a man 
to slip into. Then, 
in wate-proof coats 
made of seal intes- 
tines sewed together, 
they kept as dr>' as 
could be and wielded their jiaddlcs deftly as 
they skimmed over the water. In the Arctic 
you will find boats like that to this day — 
side by side w ith the motor boats of some of 
the Eskimos w^ho have made money in furs. 

Rest of all the boats made by the Indians 
that our ancestors found in America were 
the birch-bark canoes built by many of the 
northern tribes. The canoe builder would 
pick out a good birch and cut around the 
bark at the height of his head. He would 
cut down the length of the section he had 
made and then, with the greatest care, 
would peel the bark from the tree. With the 
tough, pliant roots of the balsam and the 
larch he would stitch the bark together in 
the shape he needed to cover the frame of 


spruce he had already made. Then, after 
it w’as all covered, he would make every 
seam waterproof with pitch. 

In such canoes the first white men in 
America did much of their traveling, for 
the water courses were commonly the best 
paths they could find in the dense and 
pathless wilderness of the New World. 

Canoes thus jday a 
big ])art in the story 
of the Hudson’s Ray 
Company, that band 
of “Gentlemen Ad- 
venturers of England 
trading into Hud- 
son’s Ray,” as tiny 
were called in their 
charter from King 
Charles 11 in J670. 
The king w^as so 
grateful for the help 
of these gentlemen in 
putting liim back on 
the throne where his 
father had lost his 
head that he gave 
them the right to 
about three-fourths 
of the North Ameri- 
can continent. 

Now the “Gentle- 
nien Ad\ enturers” 
were after money, 
and money w'as to be 
made in Canaila in 
furs. So these “lords of the wintry lakes 
and forests of the Canadas” organized a 
great business for iheir lime, and one that 
still goes on under the same name. Heaver 
skins were their quest, and in the search for 
the rich prizes they pushed their canoes up 
the Saskatchew'an and over the Rockies and 
down the Columbia. The bells of their dog 
teams rang over the snowy stretches of 
Athabasca, across the Rarren Lands, and 
north to the Arctic. Their horse brigades 
of a hundred or more adventurers went 
south over the mountains from New Cale- 
donia through territory that is now Wash- 
ington and Oregon and Idaho, across the 
deserts of Utah and Nevada, and even down 
to the Spanish forts in California. 
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People are rarely in a hurry along the Tigris River in 
modern Irak, so they sail about in a bowl But though a 
“goofa” may not be the thing to win a boat race in, it 
must be pretty hard to tip over. 
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Above: This strange split 
dugout is used as a ferry- 
boat in Ceylon. Right: 
Twenty-four centuries ago 
people used skin boats like 
this one from India. 


Above; Native canoe in 
the Philippines. The out- 
riggers, or projecting 
framework, steady the 
craft. 


ke’iles, knives, hatchets, tobacco, mirrors, 
bright red flannel, and other goods brought 
on from Montreal. By August the mer- 
chants would turn homeward with their 
rich booty, while the fur brigades would 
scatter out through the West for more 
months of trapping in the cold. 

But while dugouts and canoes might be 
very wonderful in their own way, they could 
not serve all the desires even of very early 
man. The winds that swept over the big 
bodies of water defeated his rowing and 
paddling and upset his craft when he ven- 
tured too far from shore. So he made boats 
with flatter bottoms than canoes or dugouts; 
and when he had learned how to make tools 
out of bronze with a better cutting edge, he 
built larger water craft of planks that over- 
lapped one another and were held tight with 
I)egs. In the South Seas he built an outrigger 
for one side of his canoe, or threw a platform 
across to join two boats. Both these devices 
helped to steady his craft. Then he found 


he could put something in his boat for the 
wiiul to blow against and help him along. 
Flis first sail may have been a t«ee branch 
or a skin or mat or blanket held ui) to catch 
the wind. But he needed a sui)j>ort for this, 
and so he thought up some sort of .spar or 
mast. FIc learned also that he did not have 
to sail with the wind, but could actually go 
against it if he wished. He had already found 
out how to steer his craft with a rudder, 
an art that anyone will understand who has 
ever trailed an oar from a boat. Even before 
that he had fallen into the habit of noticing 
the stars and had found out which ones might 
be relied upon to keep him on a true course. 

And now, with the wiiul to push, a rudder 
to guide, and stars to steer by, he was “all 
set” to range the deep! 

He had reached this point long before the 
dawn of history. And to-day there are peo- 
ples in the South Seas who have never passed 
this point, but have stopped still while the 
rest of us have gone on to ocean liners. 
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Reading Unit 
No. 3 


AS SOON AS WE UAO WHEEES 


Xotc: For basic information For statistic 

not found on this pa^i\ consult consult the Ri 
the f^rncral Index, \^ol. 75. Index. 

! nterestinji Facts Explained 

I^eoplo whcj knew nothing of When the firs 
wheels, 10 14.^ built, 10—14 

The criule he^i:inning of the wheel- The first four 
barrow, 10 143 cross the R< 

Karly war chariots with spoked Turning; the \\ 
wheels and with axles anrl runs a road, 10 

of nielal, 10 144 When fleets o 

America's first sta^jjecoaches, 10 ^^lin^^ bells ^ 

146 

Thiftfis to Think ^Ihout 

Why did it r<^st Si 00 to pet a W’hy did men 
ton of freipht from Buffalo to in the Midc 

Xew Viwk in 1817^ What improv 

What put the edd ("onestopa in the whee 

freipht vvapon out of business? tian war ch; 

/? elated IM aterial 


For statistical and current facts, 
consult the Richards Vrar Bonk 
Index. 


When the first pood roads were 
built, 10—146 

The first four-wheeled vehicle to 
cross the Rockies. 10 148 

Turninp the Wilderness Trail into 
a road, 10 148 

When fleets of wapons with jin- 
plinp bells went by, 10—148 


W’hy did men travel on hcirseback 
in the Middle Apes? 

W’hat improvements were made 
in the wheels of ancient Epyp- 
tian war chariots? 


Hiiw does a blacksmith remove an 
iron rim irom a wooclen wheel 
without breakinp the wood? 
1 47g-8o 

lli>w does the wheel-and-axle 
princiffle work? i 330-31 
How <li<i people travel across the 
wa‘stern [>rairies and the Rock- 
ies in the “fabulous forties''? 
10 -153^ 7- 231-32 
What was the famous one-horse 


Why is the horse of preater value 
to us than donkeys or bullocks? 
5-«7 

In what w lys are racehtirses dif- 
ferent i*»»m other horses? 4- 
51 1-12, 514 

How was coal hauletl back and 
forth in the mines in days pone 
by ? 9-444 

How many miles of road are there 
in the Ignited Slates now? 10 


shay like? 6 384 i5(> 

Practical A. p plications 

iw <lid people travel lonp dis- to pet from Bo.sttm to Balti- 

tances in the days before the more w’hen the National Roac 

railroads? 10 lah was opened? 10 14^ 


How <lid people travel lonp dis- to pet 

tances in the days before the more w’ 

railroads? 10 14^ was opt 

How lonp did it take wapon trains 

Summary Stettement 

Our modern civilization runs we canno 

on wheels, with the result that if likely to ' 


we cannot po on wheels w’e art 
likely to stay at home. 






THE INVENTION OF THE WHEEL 




f vT ;?SP5:7'CF'‘ . ” ' 

A— In 1839 a Scottish blacksmith 
named MacMillan built a machine 
like this one. Before that there had 
been two-wheeled affairs called 
hobby horses, propelled by the 
ridei’s feet pushing on the ground. 




B — Next came the 
**boneshaker,’* 
built in France 
about 1865. The 
one pictured 
SS9 dates from 1869. 


C — Gradually one wheel 
grew larger, till the so-called 
“safety” bicycle was devel- 
oped. This one was built in 
1876, and was driven by the 
rear wheel. 


E— Rudge’s 
racing “ordi- 
nary,” 1884. 



G — S i n g e r 
“safety** bi- 
cycle, 1890. 


PbotOB by Hcieno« Munum, London 




H - Above is the history of the bi- 
cycle. Way back in Egypt and 
Babylon the idea had been thought 
of, but nothing was done with it for 
many centuries. After the toilsome 
wooden boneshaker was invonted, 
men gradually added rubber tires, 
ball bearings, tubular metal frtmes, 
the coaster brake, and two more 
gears. 


142 






THE INVENTION OF THE WHEEL 



I'kutu by HpauuiL luurmt Inbirinution (iffiLii 

As SOON as WE HAD WHEELS 

Long, f ong Ago Some Rude Genius Made One of the Most 
Important of AH Inventions When He Found 
Out How to Roll Things 


UST suppose that all the wheels in 
the \Notl<l ^^<Te suddenly to stand 
still — jiniiekshas in Japan, iiassenger 
barrows in China, ox carts in Mexico, 
big bullock wagons creeping over the plains 
of Australia, little donkey carts in France, 
and motor trucks and automobiles and rail- 
roads! Supi)osc that not a factory wheel, 
not a w'atch or a clock or a turbine were 
running. Then you will realize how^ fully 
our modern civilization runs on wheels. 
If wre could not go on w'heels, we could 
hardly get anywhere at all. We should be 
back pretty close to savagery. 

Yet for centuries on centuries, man had 
no wheels to go on. He had to invent them. 
And the invention was one of the most im- 
portant of all time, for countless other thing' 
depended on it. Some races never got a.s 
far as the wheel in their discoveries. Our 
North American Indians knew nothing at 
all of wheels. Neither did the Eskimos, who, 
of course, did not happen to need them in 
their cold lands. 

How the invention came about, or when, 



nobody knows. When the Eg^'ptians began, 
over live thou.sand years ago, to write the 
story of their deeds anfl to put pictures of 
scenes from their lives on the walls of their 
tombs, they already had wheeled vehicles 
Possibly the first wheel had long since been 
invented me where in the Nile Valley oi 
over by the Tigris and Euphrates. Perhaps 
a man one day noticed a rolling log and 
thought that if he could put rollers like that 
under some of the hca\y things he wanted 
to move, he could get them over the ground 
a bit faster than by dragging them. So 
after a time log rollers came into use. 

The Very First Wheel 

Then, a great deal later, someone else 
probably had the bright idea of putting a 
round section of a log in the joining between 
the tw’o poles of his travois (tra'voi') — or 
\'-shapcd drag. It was the crude beginning 
of a w'heelbarrow. Later still some ingenious 
man must have thought of mounting his 
sledge on two of those solid disks joined by 
a i>ole stuck through holes in their centers. 
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So he made the first two-wheclcd cart. And 
what a difference even that bungling con- 
trivance must have made to the dog or 
camel or donkey or ox that had to drag the 
load along the ground ! As for the man him- 
self, he doubtless felt as if he were riding 
on air. 


funeral carriage to Alexandria in Egypt. 
Ladies of wealth and position in ancient 
Rome reclined behind rich curtains in car- 
riages with four wheels, but a man was 
laughed at if he rode in such womanish style. 

On the whole, the world was fairly slow 
in getting on wheels. For one thing, roads 
were bad and travel was risky, what with 
robber barons and footpads. Goods trans- 
ported for long distances overland went 
mostly by pack animals, and short hauls 
I were made in luml^ering carts and 

rough wagi)ns, 
as they are 
to-day in 
backward or 
sparsely set- 
tled countries. 
Through the 
Micldle Ages 
in Kurope men 
traveled on 
horseback, 
often in groups 
for protection, 
and women 
I raveled 
scarcely at all. 
It was not un- 
til tiboul the 
time that 
Sir Walter 
Raleigh set 
out on his ill- 
fated attempt 
to found a col- 
ony in Virginia that English gentlemen began 
to own private carriages 'Fhen, just as taxis 
and motor buses followed private cars, hack- 
ney coaches— or coaches for hire- and stage- 
coaches came after the private equipages. 
Hy 16^1 the narrow streets of London were 
so jammed that there w^ere many j)ublic 
complaints about the state of the traffic 
which read like the comj^laints in our pai)ers 
to-<lay. 

When Wheels Invaded the Land 

Stagecoaches began to ply on the roads 
between the ])rincipal English towns. There 
were laments about the number of ash trees 
that had to be cut to build all ^^these great 


How Axles and Spokes Were Invented 

Time went on, and the news of the won- 
derful invention spread. Men began to 
think out improvements. After a while 
metal axles eased things still more for 
the beasts that pulled the vehicles. 

Men began to cut small sections out of 
the solid disks to make them lighter 
Then the disks gave way to rims of 
wood banded wdth metal and strength- 
ened with spokes. On the walls of the 
tomb of Ramses 11 , who 
ruled more than three tht)u- 
sand years ago in Egxq)t, 
are pictures of the 
king's elegant war 
chariots, tw'o- 
wheeled affairs with 
stu^-dy spokes and 
wi . Ii axles and 
rims of metal. 

But there are 
also pictures of 
some of the 
king's enemies 
going forth in 
war chariotc 
with solid 
wheels that must have j)ut them at some 
disadvantage in battle. 

Like the Egyptians, the Assyrians and 
the Persians went to battle in two-whccled 
chariots, and those in which the Romans 
thundered around their arenas had only 
two wheels. So had the farm carts of an- 
cient Italy, such as the ones that brought 
w'ine and olives to the markets of Pompeii 
before the eruption from Vesuvius stilled 
its life forever in the year 79 a.d. But 
four-wheeled vehicles had been invented 
before that. The body of Alexander the 
Great, who was conquered at last by death 
in Babylon in 323 b.c., was taken in its 
gold cofiBin on a magnificent four-wheeled 
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Ox carts like the one at the right 
are still used ui Spain, where 
time is not so precious as in the 
New World. The Etruscan 
chariot at the left, used by a 
people of Italy long before the 
birth of Christ, looks quite mod- 
ern in comparison. 
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The two queer carts 
shown at the top of the 
page are from Burma 




From China 
comes the 
strange con- 
t r I V a n c e 
shown below. 
Under it is a 
farmer’s cart 
in Trimdad. 





In the Argen- 
1 1 n e farm 
wagons look 
like the one 
on the right. 
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Lower left-hand 
corner Carnage 
of Sang Ludwig of 

Below Eng- 
lish omnibus, 

1855 

Bavaria, 1878 
Lower right-hand 
comer Jinrick- 
sha in Ceylon 
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tortoises on wheels that run about England/' 
One gentleman wrote to the papers saying 
he was alarmed at the possible effects of 
this rapid travel. Actually, he wrote, in 
one of these modern stagecoaches one could 
get from Dover to London, a distance of 
nearly sixty miles, in three days. What 
\\as England coming to? Men would visit 
London on the slightest excuse, to get a 
hair cut or for any such frivolous errand. 
Their wives would insist on coming with 
them and would ‘‘lake occasion to get fine 
clothes, go to plays and treats, and by the^ 
means get such habits of idleness and love 
of pleasure as to be uneasy ever after " 


husband on a pillion — which is the way 
that many women traveled in those days. 

The first line of stagecoaches in this 
country ran between Philadelphia and New 
York. It was oi)ened in 1756 and it took 
three days to make the trip, which a good 
train now covers in two hours. When one 
of the coach owners managed to cut the 
time to two days, he advertised his coach 
as the “Flying Machine.” At first it took 
a week to go by stage from Boston to New 
York, though this was later cut to four 
days. And what a journey it was! Josiah 


For a century or so after This is the PuBman in 
America was settled, there w’erc which our ancestors 

not many wheeled vehicles here. early ^day.^ 
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Quincy, president of llarvaid College, wrote 


They were far from comfortable on such 
roads as we had, and only the wealthiest 
persons could afford them. George Wash- 
ington, one of the richest men in the col- 
onies, did not own a coach at the time of 
his first inauguration. He set out from 
Mount Vernon on horseback to become our 
first president in New York. At Mount 
Vernon you w’ill see a coach like the one 


a friend that the carriages w’crp old and 
ramshackle and the hainess mostly of ropes 
If there wrere no accidents, the yiassengers 
reached an inn by ten at night and after a 
scanty supper w'cnt to bed. They were 
called at 2:30 in the morning and they 
dressed by a horn lantern with a poor 
candle. They often had to get out and help 
push the stage out of mudholes. 


that Washington later bought from Governor 
Richard Penn of Pennsylvania, who had 
imported it from England. It was cream- 
colored with gilt moldings, and it created 
quite a sensation when the President and 
his wife and their two grandchildren were 
driven about the streets of Philadelphia and 
New York in it behind six spanking bays. 

America’s First Stagecoach 

Thomas Jefferson did not own a coach. 
VA\eiv Yvis young bride came up the moun- 
tain to the spot where he later built his 
beautiful home, she was seated behind her 


The First Good Roads 

Along the roads were taverns for the stage- 
coach passengers, and road houses for the 
drivers of the freight w’^agons and carts that 
had begun traveling about the country. 
Not long after Washington became president, 
the Lancaster Turnpike, sixty-six miles of 
good hard road to Lancaster, Pennsylvania, 
was opened. In a short time it was alive 
with freight wagons, bringing to Philadel- 
phia the produce from the splendid farms 
about Lancaster and taking back goods 
bought in the cit'^ I^-on from the Pennsyl- 
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Early European stagecoach. 
This was the Pullman of three 
hundred years ago. Everywhere 
in Europe the stagecoach plied 
between crowded centers^ 
changing its four horses at m- 
tervais along the road and carry- 
ing Its shaken passen- 
gers at what seemed 
lightning speed through 
dust and mire. Eight 
miles an hour was a 
good average for it in 
^he eighteenth century. 




The tallyho, shown 
below, was a fashion- 
able vehicle in the 
latter part of the cen- 
tury just past. 




At the close of the 
last century fashion- 
able people in Eng- 
land rode in carnages 
like the ones below. 




t A 
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vania hills was carried in a special kind of 
wagon — a big, strong affair with broad 
wheels and a body that swung down in the 
middle and curved up at the ends. The 
under part of the body was always painted 
bright blue and the upi>er i>art bright red. 
On a framework over the top was a covering 
of white canvas to protect both the goods 
and the drivers on the long jaunts. The 
six horses had fine leather harnesses and 
wore rows of jingling bells. So began the 
role of the Conestogas (kon'6s-lo'ga), named 
for the town in Pennsylvania w^here they 
were first made, which was itself named for 
the Conestoga Indians of those parts. 

In time those wagons made more than 
freight history, for it was a Conestoga that 
Marcus Whitman, by hook and by crook, 
took over the Rockies when he and Henry 
Spalding and their wives went as mission- 
aries to the Indians in the Columbia River 
Valley. That was the first four-wheeled 
vehicle to get over those mountains. An 
old fur trapper, looking on, made a true 
prophecy when he said, ^There goes the 
end of the fur trade. When wheels can cross 
th( Rockies, then the settlers, It was not 
long before a train of a hundred cov'crecl 
wagons started from the Missouri with 
settlers and their goo<ls and families on the 
long, long Oregon Trail to make homes in 
the unknown West. 

Turning a Trail into a Pike 

One of the first big undertakings of the 
infant United States was the building of 
the National Road. Starting high in the 
hills at Cumberland, Maryland, it came 
down through the little raw new capital of 


Washington on the Potomac and then struck 
westward to Wheeling along the Wilderness 
Trail, followed by Daniel Boone and llie 
pioneers that came after him. The road 
was finished in 1817 and was soon full of 
traffic of all sorts. From any hilltop one 
could sec whole fleets of white covered 
Conestogas rolling along, with the noise of 
the jingling bells drifting back on the wind. 
The drivers, great strai)ping fellows, their 
faces brick-red from being out in all weathers, 
had many a tale of the road to tell each other 
when they drew up at the road houses at 
night, 'fhey would attend to their horses, 
then make a dash for the piililic room. 
There they would stow away huge meals, 
sing songs, swap stories, dance to the tunes 
of the fiddlers among them, then slip off 
their boots and lie down on the floor with 
their feel to the fire to sleep ui'.til daylight 
should send them out on the road again. 

Wagon freighting was a well-established 
business in most of the states by tlie time 
the National Road was of)ened. Wagon 
trains were makirig trips from Boston to 
Baltimore in twenty-six days and from 
Baltimore to Richmond in ten. But it 
cost $100 to get a ton of freight from Buffalo 
to New York; and §100 then was surely as 
much as $400 now. 

Meanwhile a mighty change was on the 
\vay. In England Ccorgc Stephenson, after 
years of patient toil, had invented the loco- 
motive. From now on wheels were hitched 
to steam. Good-by to the lumbering stage 
and the cumbersome Conestoga. Man was 
to race with the wind and outstrip the birds 
in flight; he was to pull thousands of tons 
with a single engine. 
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the wilderness, 10 150 
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Modern roads and where they 
^o. 10 156 
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dust and sand? i-Q4-g5 
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PROJEt'T XO. I : Find out how 
roads are constructed in your 
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Summary 

To-day the parade along the 
roads of’ the world is something 
that no old Roman ever dreamed 


PROJEC^ r XO. 2: Watch men 
at work on road construction, 10- 
iSS 

Statement 

of, for it carries the teeming life 
of our Machine Age— an age 
dependent on its roads. 
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Across the Roman countryside this ageH)ld road still 
stretches its white length. It is the Appian Way, the 
first and most famous of the great highways of the 
world. Along this road, it is said, St. Peter fled from 
Rome to escape a martyr’s death. But he had not 
gone far before he saw Christ advancing toward him. 


Awestruck, he said, **Domine, quo vadis?” “Master, 
where goest thou?” To which Christ answered simply, 
“1 am returning to be crucified again.” The apostle 
was so ashamed of his own cowardice that he turned 
back to Rome. To-day a little church marks the spot 
where the meeting is said to have taken place. 


The SPEEDWAYS of the WORLD 

The Men of Old Would Be Almost as Much Amazed by Our 
Network of Fine Highroads as by the Countless 
Machines that Whirl over Them 


HAT a pageant of history has passed 
up and down the roads of the world ! 
For almost from the beginning men 
have always been going somewhere from 
somewhere else. If they should suddenly 
cease doing so there would be an end of 
civilization. And now as never before, the 
nations are bound together by their njads. 

The first roads were merely trails through 
the wilderness. Wiki creatures make them 
}'et in mountainous or w'ucxJed places in the 
Andes or the Adirondacks* -as they go to 
water or grazing grounds. Savages follow 
the animal trails or make more of their own. 
Deep in the jungles of the Amazon, Indians 
from a certain tribe still go once a year for 
many miles along such a trail to bring back 
the year’s supply of salt from the nearest 
trader’s house on the great river. As men 


trained animals to carry or drag things for 
them, the trails grew wider. When the\ 
learned to put wheels under their burdens, 
the trails grew wider \et. but still they were 
simply trails, and only by accident roads. 

For a road is something planned and built 
Neither the trails nor the ancient caravan 
routes across level desert sands from Europe 
into Eg}'|)t, Arabia, and India were really 
roads. The first great roads we know of 
were made by the Romans. Built to last, 
they were so well laid that even after two 
thousand years and many centuries of neglect 
there are still many traces of them left. 
More than that— some of them have even 
Ixjen repaired and are still in use! Wherever 
the conquering Roman legions went, fine 
highways were laid down, always going in 
the straightest possible line l^twecn the 
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This quaint picture, called “Stuck Fast,’* shows the 
plight of one of the old English stagecoaches on a 
snowy night. Do not imagine that this sort of thing 
never happens to-day. Even on a state highway a 
motorist traveling on a winter’s night may encounter a 

])i)ints to be rca(ho(l. And “all roads led to 
Rome.” 

'Fhe mo:t of all the Roman road's 

was the Apjnan (ap'i-an) Way, bej^un more 
than three hundred years before the birth of 
C'hrist. It was fourteen feet wide, and formed 
of layers of broken stone and lime, broken 
brick and potter), and more broken sttmc, 
all rammed down on a firm foundation of 
dry earth and topped off wdlh great i)aving 
St ernes lit ted e.\aetl\ together. There were 
raised footw’ays on each side, blocks w'ere 
set up at intervals to make it easy for horse- 
men to mount. Mile'stones marked off the 
distances. 'Fhese linally reached from Rome 
to Brundisium, three hundred and fifty miles 
away. Tw’o stone pillars on the seacoast 
marked the road’s end there, and on the 
o|)j)osite side of the Adriatic two more jiillars 
showed w'here the road began again, to cross 
Greece and go on to Constantinople. 

Along the Appian Way 

Along the Appian Way marched the pag- 
eant of the empire: Roman conquerors, re- 
turning home kwlen with spoils; Greek slaves, 
who would teach their captors all the arts 
and learning of their fallen homeland; mer- 
chants and messengers and common i>coplc, 
and armies marching and countermarching 
for the prize of a world. And so was it, in 
a lesser way, with all the other great Roman 


sudden blizzard. His tires will skid and make no 
progress in the deepening drifts. There is not time to 
put on chains, and the snowflakes are blinding. There 
is nothing to do but abandon the car, hunt for the 
nearest farmhouse, and wait for the snowplow. 

roads, some of them as far off as the island 
of Britain -where the famous “Watling 
Street,” from London to Wro.xctcr, near 
Shrewsbury, is still in use to-day. No wron- 
der Augustus, first of the Roman emperors, 
set up in the Forum a “golden milestone’^ 
on w’hich were marked the names of all the 
roads of the empire. 

The Decay of Roman Roads 

When, in the fifth and sixth centuries, the 
empire fell a i)rey to the barbarians, all ihc^c 
magnificent roads went gradually to ruin. 
For thirteen hundred years and more the 
roads of Europe grew' worse and w'orse. 
Nobody reemed to think it was his business 
to keep them up. There were no strong 
national governments; and when the feudal 
barons nxle off to war, they e.xpected to 
splash through the nuul on their doughty 
steeds. Sometimes the good monks cared 
for the roads near their monasteries; at one 
lime the order of “Bridge-building Friars’* 
did much good w ork in keeping both bridges 
and roads in roixiir. T'he hermits lent a 
hand, too, laboring at road mending to break 
the monotony of their solitude. But the 
mud got deeper and deeper and the roadbeds 
more and more full of bumps. Queen Eliza- 
beth of England, one of the proudest mon- 
archs of her day, would not ride in her new 
coach through the streets of London because, 
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No wonder so many of the old Roman highways are crushed or carefully fitted together to make a founda- 
left! This cross section will show you how such a tion almost as resistant as the age-old rocks. The 
road was built, with many layers of brick and stone surface was slightly arched so that water would run off. 


she said, she would be sore and bruised from even in the eighteenth century a journey by 
head to foot with the jolting and jostling of stage to London from a town fifty miles away 
it. So, like everybody clst‘, she nxle a horse, was an undertaking of daring and danger. 

Such highways as there were between town Road improvement did not begin in ear- 
and town were infested with robliers. No nest in Europe until, during the first half of 
man traveled alone if he could join company the nineteenth century, 'I'elford and McAdam 
with others. Yet all introiluced their meth- 

1.1 rough these centuries , | ods of digging down to 
the roads, however bad, :i good, dry foundation, 

were full of color and and then building up 

jostling life— mer- ';.jriSC SL. '1 ■ road *'ith crushed 

chants and iwddlers, f ^ ' ' ■* t ■ ■ in stone. The ideas of 

jugglers and wamlcring - ..w- Jtrilishers, 

minstrels, knights on -■ f eoniliined and im- 
prancing chargers and I)ro\ed to suit special 

monks on ambling needs, form the basis of 

mares, beggars and pil- all the many e.\cellenl 

grims, runaway peas- highways of Europe 

ants and thieves, and I’huw, sy Demwiira mum^ihi and America to-<lay. 

princes on their travels. Here are the remains of an old plank road which 1 clford s name is al- 

A pa^M of history J^,“A5,S,^V.;S^"'l5,rar5 1";" n»sHon!Otteo, but we 

indeed! mentioned by Tacitus, the Roman historian. Who recall McAdam every 

During the seven- time we speak of a 


indeed! mentioned by Tacitus, the Roman historian. Who 

Dnrinir iHp knows how many sturdy soldiers marched to victory 

ux 11 ^ Liic acvcii- many weary prisoners passed to slavery or 

teenth and eighteenth death over these same planks, now so time-worn 


centuries more people ^ 

were venturing over the roads on wheels. 
But it was during the seventeenth century 
that a wagoner in fmgland lost a wagon and 
six horses in a mudholc on old Watling Street 
— once a Roman road ! Sussex was so famous 
for its mire that it gave rise to a saying that 
Sussex men and women got their long legs 
from pulling them up out of the mud. And 


and battered! 


e« p.3rsl.;eT5J (,f a 

nks, now so time-worn “macadamized’’ road. 

Because their coun- 
try is so large, the Americans have always 
had to think a good deal about ways of get- 
ting from one part of it to another. At first 
they followed the Indian trails and the river 
ways. For a long time, until the Revolution, 
they did not make much attempt to use 
wheels. Instead they walked or went on 
horseback when they had to go overland, or — 
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Indian trails 4..ad i«auow paths worn by the wild beasts 
were the only roads the pioneers found as their cara- 
vans passed over the great plains. Yet on they went» 

1>\ profcrrnic lhi‘\ tra\flc(l \>\ in 

ship or ciiiioc. Not until i7()2 \Nas there a 
single really good road in tlie rounti y. 'I'his 
lirst good road was the Lanraster Turnpike, 
which ran from Laneaster, Pennsylvania, to 
Philadelpliia, a distaiue of si\l> miles. The 
romj)any which built it made a fortune from 
the tolls the> charged, for it became a great 
freight highway. When Dickens, the novel- 
ist, visited the I'niled Stales in 1842, he still 
found a ten-mile journey on a stage such a 
succrssion of jolts and pitrhings and liair- 
brcadth escapes that it seemed to him a 
miracle wlien the black driver could promise 
to “get you through, sa, like a liddle.” 

America’s First Great Highway 

Yet Washington had dreamed of a national 
highway which should bind the young nation 
together. And a gcKwl many years before tlv 
time of Dickens, w’ork had been begun on 
the Cumberland Road, or National Pike. It 
started from Cumberland, Maryland, on the 
Potomac, and was built westward, in sec- 
tions, as Congress granted money for it. 
By 1840 it had gone as far as Vandalia, 
Illinois. 


through treacherous mud, blistering sands, and tangled 
forest lands— west I And when they came to rivers 
the prairie ^'schooners’’ became boats indeed. 

And h(‘re was the setting for another pag- 
eant, \Try (lifTerent from the others. For the 
life current of the* young nation tiowed along 
the C'umberland Road. There wTre scouts 
and jiioneers in buckskin and homespun. 
There were ridcTs in handsome carriages and 
fast stagecoaches. There were jioliticians 
traveling l'>ward the straggling little seat of 
government i)ii the Potomac. There were 
Conestoga freight wagons rolling along hour 
after hoi»r. Along the road were inns and 
road houses, where plentiful portions of 
mountain trout and venison and corn cakes 
might be eaten to the accompaniment of 
many a “tall" tale of the road. Presidents 
Jackson, \an Buren, Harrison, Polk, and 
T>ler all traveled the Cumberland Road to 
their inaugurations. 

The Age of Great Highways 

But, after all, the day of the highw^ays 
had not \ et come in America. In the middle 
of the nineteenth century everyone was build- 
ing railroads, and one could now gel from 
East to West much faster on a railroad than 
in a lumbering stagecoach. Not until the 
beginning of the twentieth century did the 






The line of a c^e, the design of an intersection mark 
the omerence between hfe and death on our crowded 
modem highways The swift stream of traffic gives a 
driver no time to stop and think and no chance to 
Change his mind, once he has gone wrong So engi- 
neers spend their best talents working out the cur- 
rents of traffic for a complicated intersection like the 
Me above, which you will be interested to puzzle out 
litgbways of this kind are always made of reinforced 


concrete First the soil is carefully tested to learn its 
properties under every sort of condition At the top 
above is the machine that tests its behavior under 
freezing and thawing Tust below it you see the 
foundation of the roadbed as it is leveled with steam 
shovels. Sheepsfoot rollers third from the top 
break up the lumps and work the surface till it is 
ready to receive the mixture of rocks, grave], and 
concrete that make up the road. T^s mixture is 
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combined in the great power-driven machine shown in 
the bottom picture. The machine has long arms that 
reach across the roadbed to level and grade it. They 
rest on wheels running on planklike **forms’’ set up 
along each side of the road to serve as a track and also 
to hold the concrete mixture. At the top right the 
concrete is being poured. The machine levels tt 
with a back-and-forth motion that makes the rocks 


and gravel sink toward the bottom. The steel rein- 
forcement is than let down into the concrete — as 
shown in the next picture. Now the road is given the 
smooth surface or “finish”- of the third picture. 
After it hardens it will stand all weathers— as our snow 
plow at the bottom is finding out. The highway at 
the right has been planned for safety. Note the 
grassy strip down its center. 
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railroads find the tables turned on them. 
Then automobiles l)egan to swarm like locusts 
and the roads had their revenge. 

In i8qi New Jersey passed the first law 
giving stale aid to counties in the building 
of roads. Other states were soon following 
New Jersey s example. By igiO the federal 
government was helping the states to finance 
and build roads for interstate traffic. Since 
that time the federal government has helped 
the states more and more in their road build- 
ing. Highway ollicials in all the states work 
together to help give the nation a system of 
good roa<ls to meet the needs of modern travel. 

There arc several million miles of road in 
the United States now, enough to go an)und 
the earth more than a hundred times. Not 
all of these arc of the best as yet, but thou- 
sands of miles of them are. All the chief 
cities of the nation are linked together. Then 
there are the transcontinental highw^ays, such 
as the Lincoln Highw^ay from New York 
through Philadelphia and Piltsl)urgh to San 
Francisco, and the National Old Trails over 
the three thousand miles betw'cen Washing- 
ton and Loh .\ngeles. These great roads arc 
piotectcd by danger w'arnings at every curve 
and railroad crossing, and marked off with 
mileposts bearing the shield of the United 
States. 

The Pennsylvania Turnpike, betw’een 
Harrisburg and Pittsburgh, w^as the first of ‘ 
a new^ kind of express highway. On it every- 
thing possible is done to insure safety and 
speed. The road by-passes cities and towns, 
has no dangerous curves or crossings, and 
because it tunnels through the mountains 
has only the gentlest grades. All vehicles 
using it must pay a loll. It has served so 
well that other states — notably New York — 
have planned similar highways. By the 
the close of World War II Congress had 
plans for 1,200 miles of super highway to 
link various bu.sy regions. 

During the war the Army in nine months 
built the Alcan -or .Ala.ska-Canada — High- 
way to carry supplies through the untamed 
wilderness between Dawson Creek — near Ed- 
monton, Alberta — and Fairbanks, Alaska. 

Road engineers have studied the best types 
of highways for different sorts of traffic. 
Sand-clay, gravel, and waterbound macadam 


will do for light traffic. Waterbound mac- 
adam is made of two layers of crushed stone, 
rolled down, and then dusted with stone and 
.sprinkled with water so that the cracks are 
filled up. Highways for heavy tratjic arc of 
concrete, of asphalt, of macadam mi.\ed with 
tar and pilch, and of specially-treated brick. 
Sometimes the concrete has steel rods or 
mesh imbedded in it to make it stronger. 
The road is a little higher in the middle than 
at the sides, in order to drain better. On 
the sides the stone or conirete is thicker 
because traffic is heavier there than right in 
the middle of the thoroughfare. Highways 
are being made wider and wider, as the pro- 
cession of automobiles l)ecomes more an<l 
more incessant. Sometimes there arc as 
many as six or seven “lanes” along w'hich 
traffic may move, so many cars abreast. 
Elaborate electrical systems have been 
worked out to control the movement of 
traffic along both streets and highways. 

Highways in Foreign Lands 

Canada adds to her improved highways 
by hundreds of miles each year. Europe has 
thousands of miles of magniticeni thorough- 
fares. Good roads are being built in South 
America. Parts of South Africa have awak- 
ened to the need. ICven C'hinaT where men 
still starve because there are no good roads 
from places where there is |)lenty to j)laces 
where there is nothing to eat, is making a 
beginning. 

And though it still has a few gaps in the 
jungles and mountainous wilds t)f Central 
America, the Pan-American Highway is 
nearing completion between the United 
States and Chile. 

And to-day the parade along the roads of 
the world is .something that no old Roman 
ever dreamed of. He would stare at its size 
and gasp at its speed. Not on horseback 
now, or in rumbling coaches, carts, and 
“buggies” as of old; but in long lines of 
shining steel cars, nosing each other along 
like strings of beetles! It may not sound so 
romantic as the Appian Way or the route of 
a medieval pilgrimage or even the old Cum- 
berland Road. But the procession carries 
the life of our age just the .same — an age 
more than ever dependent on its roads. 
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TRANSPORTATION 


Reading Unit 
No. 5 


ON THE WINOS OF THE WIND 

Notr: For haste information For statistical and current facts, 

not found on this page, consult consult the Richards Year Book 
the general Index, V oL 75. Index, 

Interesting Facts Explained 

What the first sails were like, 10— Some famous pirates, 10-170 
r6o The square-ri^Ketl American nier- 

IIow we can ro wherever we dc- chant ves.sel, 10-171 

sire with a sail, 10 -160-61 When Americans held first place 

Where our earliest tlescription of for speed among the sailors (»f 

a ship is to be f«)und, 10 161 the world, 10- 172 

The hardships of the ancient The great day of the American 
mariner, io-i68 clippers, 10-172-73 

Things tit Think About 

How does the sailor tack in the What broke up the trade of the 
wind''' famous clipper ships? 

How did the sailing vessel help What brought business to the 
to change the history of Eu- clippers in the mid-nineteenth 

rope? century? 

Related Material 

Why do mariners prefer the gyro- from being da.shed on the 

compass to the magnetic com- rocks? 10-22O-20 

pass? 10 455-57 Of what sei vice is the Weather 

What df)es the great law of Bureau to outgoing ships? i- 

Archimedes state? 1-470-71 278 

How well i>rganized was the Ro- What methods did the Romans 

man sea trade? 5-242 use when lighting at sea? 5- 

How dries the wind dri\e a rotar 212-13 

ship across the ocean? i 50S What do the Spanish mean by the 
How have many ships been saved term ‘‘galley slave"? 10—351 

Eeisure^time A ctizdties 

PROJEC^TNO. i : Build a model PR(\|Er rXC)2: Read Dana’s 
of a racing schooner, 10-173 ‘‘Tw^o ^'ears Betore the Mast." 

Sufntnary Statement 

For centuries the sailing vessel it can go no faster than the wind, 
has made splendid history, but and if the wind does not blow it 
no matter how good it may be, cannot go at all. 
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On this page are a 
few of the white- 
winged ships that 
have sailed gallantly 
through history. 


jm 1 



B. A “king’s ship*' 
of the thirteenth 
century, when the 
main part of a fleet 
was still made up of 
galleys propelled by 
oars. 


7 / ' 




A. A French pri- 
vateer of the days 
when much of the 
sea fighting among 
nations was done, 
not by regular 
navies, but by boats 
privately owned 
and fitted up by 
this or that great 
merchant or lord. 
Sometimes the 
privateers were as 
respectable as vol- 
unteer soldiers; 
sometimes they 
were only pirates 
under another 


D. Th. 

“Sovereign ot - ' 
the Seas,” which 
lorded it over the wa- 
ters not long after the 
time when the May- 
flower sailed. 

She was 
the largest L"* 
of t h e i / 

early Brit- P , ' «. 

ish men- L 
of-war. A *' 
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C. The “Mayflower,” one of the 
most famous of all ships, for on 
it the first little band of English 
men and women crossed 
the perilous ocean to New 
\ England. They landed 
.X late in 1620, after 

more than two 
months at sea. 

E. The ‘‘Santa 
* Maria,” one of 

the ships that car- 
■8^ ried Columbus 

and his crew to 
the diacovery of 
the New World. 

* How can we to- 
day imagine that 
adventurous voy- 
age, lasting week 
after week in a 
tiny ship like this, 
A over unknown 

''iqj seas where the 

1 “very winds for- 

k get their way”? 
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On the WINGS of the WIND 


How Men Found Out What They Could Do with Saits on the 
Water, and How the Sails Made Glorious History 


NCE upon a many and many a 
century ago, a man who was alioul lo 
drown in a raging river grtdjlxnl at a 
lloating log and w'cnt on down the stream 
in Siifety. Whether he knew’ il or not, he 
was the first sailor in the world. 

If he was a genius, he may have had a 
great notion poj) into his head. It was noth- 
ing less than the notion of keeping a log or 
two to bear him atloat on the dangerous 
w^aters and to carry him dow'ii the river when 
he wanted to go. If so, he owned the first 
of all navies. But almost certainly he was 
no sort of genius, and the world had to wait 
a long time yet for the inventor who first 
kept a log, or a little fleet of logs, for such 
a purpose. Then the world may have waited 
a long time still for another genius who hol- 
lowed out his log and so made a dugout, or 
the first boat; and much longer yet before 
this one-log boat was surpassed by a boat 


built and shajied of various boards fastened 
together. When we get to a boat built in 
that w^ay, we are already fairh far dow’n in 
the histor} of our riue. 

About all that, we have told in our stor>' 
called “before We Ever Had a Sail.^’ For 
of course the next great invention w’as the 
sail. It was suth a mighty invention that 
we mu'nt start another story about it. The 
importance of it can hardly be overstated; 
as w’e shall sec, the unknow’n genius who in- 
\entefl the sail made the world into a dilTer- 
ent kind of place. He made nearly as much 
history as any «»fher man who ever lived. 

What happenetl must have been something 
like the following: That unknown genius 
noticed, as others had noticed before him, 
that the wind pushed his boat ahead, or 
sidewise, just as w’ell as did the current of 
the river, or the action of his oars. He found 
that when he stood up in the boat, tlie wind 
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pushed harder. If he placed a thick hush 
in the boat, it pushed harder still; and if he 
stretched some sort of skin on some sort of 
mast in the boat, then the wind pushed very 
hard indeed. It carried him along as he had 
never traveled before. And from now on 
the genius stretched a skin to catch the wind. 

The First Sail 

That skin was the first sail. It was the 
parent of all the vast stretches of canvas 
with which our shijis have been rigged from 
that day to this, just as the boat that carried 
it was the parent of every sailing shii) that 
the world has since seen. The va‘d things 
that wc have done with .sails and sailing 
ships in the centuries since that early day 
have all been simply improvements on that 
first sail and on the kind of boat that bore it. 
Wc have made the siiils far larger, far more 
numerous, of far better materials; we have 
learned a vast number of devices for rigging 
them and handling them; w^e have fitted them 
to every kind of wind, from a gentle bree/e 
to a hurricane, no matter which w\ay it was 
blowing; and we have built much larger and 
much better ships, to carry more and more 
s ,il. But at bottom the aim has always been 


the Good Book tells us, ‘‘blowTth where it 
listeth.'* At any lime it may be blowing 
just opposite to the way you want your'boal 
to go, and almost never will it be blowing 
exactly tow^ard the i)oint you want to reach. 
And it is always changing its direction from 
day to day, or from hour to hour. You 
might have to wait for days before the wind 
was “right*^ to take you across a river; and 
how often do you think it would slay '‘right’’ 
long enough to take you the length of the 
Mediterranean? That would practicalK 
never happen. And even when it did haj)- 
pen, the wind would probably land your 
boat a few' hundred miles away from the 
place you w^anted to reach. 

What Is “Tacking”? 

So man had to finrl some way of using the 
wuml w'ithout being at its intTty. Just when 
it was that he found the w'a\ w(‘ do md finite 
know, but he certainl\ discoMTed it fairly 
early, lie simply found out how to “tack” 
in the wind. As soon as he knew' about 
“tacking” he could use any W’iiifl to takv 
him in any diretlion. He could sail pre- 
cisely to the point he w'as aiming at. He 
could sail with the w'ind, or sidewise to the 


the same — to put up sails that would get the 
greatest possible benefit from whatever kind 
of wind was blowing. 

Yet before a man ^ ^ 
could get much real 
benefit from the wind, 
he had another very i 

important trick to I 

learn. “The w'ind,” as Q 



wind, or right into the teeth of the wind, 
just as he i>leased. 

I Tacking is simply a trick of setting 

/ I your sails and managing your rudder 
in such a way as to make the wind. 
\ no matter where it is aiming, 
\ carry >our boat in the direction 
where you arc aiming. Often, 
^ of course, you cannot make 
^ the wind take you to your 
\ |. destination in one 
’ II straight line; but you 
M can always force it to 
I carry you in 


The simpler type of sailboat .. 
has not changed much in six T ^ - 
thousand years. Above is an 
Egyptian sailing vessel of about 
3600 B.C., and to the right is a little 
boat still used in Brazil to-day. 
The modem boat is considerably 
more primitive than the ancient one. 


PbuUj* by Muiaijiii uf .'K.ieuco A Industry and the NuiKinal Munniin 
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In the proud days of Rome her galleys ruled all up and 
down the Mediterranean, that great mland sea about 
which Western civiluation centered. Many were the 


stately triremes like the ones above that patrolled 
the waters, their oars moving in perfect rhythm, their 
sails flauntmg the Roman eagle to the breeze. 


and carried large square '^ails At the bow 
a man with a sounding pole gave warning^ 
of shoals or helped to keep the ship’s head 
awa> from rocks At the stern were three 
men with steering paddles, and in the mid- 
dle stoo<l an officer with a whip to keep the 
oarsmen at their work That was the wa\ 
the I3g}T)tidns skimmed over the waiters 

The Great Sailors of Antiquity 

But they seldom went very far, for the 
EgM^tians were not a seafaring race That 
honor belongs to the Cretans among the 
ancient peoples, and far more still to the 
Phoenicians (fe-nish'an), who were by all 
odds the greatest sailors of their day. In 
our story of this people we have told how, 
living in a narrow strip of land between the 
mountains and the Mediterranean Sea, they 
came to do most of the carrying trade in the 
world as early as looo b c. The ships from 
their cities cut through the Mediterranean 
in every direction, carrying the luxuries of 


Lg\pt and tlu J ast as wdl as the products 
of the Phoenician craftsmen- tempting thtir 
customers with fine clothing and jewelr\, 
with silver and porcelain dishes, cunninglv 
wrought toilet articles, mirrors of polished 
silver and gold, and clclicalc perfume bottles 
of glass and alabaster 
The Phoenicians had the secret of making 
famous purple d>es from the shellfish on 
their coast, and their sailors collected high 
prices for the precious “ r> rian purple/' 1 he 
list of their further wares reads like a poem: 
perfumes and spices coming by caravan from 
Jndia and Arabia; amber from the Baltic 
and the far North Sea, fine woods and copper 
from CjT^rus; silver and iron and tin and 
lead from Spain and distant Britain — and in 
such abundance that the very anchors of 
returning ships were fancifully said to be 
made of silver. Then there were brass uten- 
sils from Grecian Ionia, ivory and ebony 
from around the Red Sea, gold from Ophir — 
perhaj s in Arabia — embroideries and linens, 
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• emeralds, agate, and coral from Syria, wheat 
and honey and oil and balm from Judea, wine 
and \(^hitc wool from Damascus, and many 
another thing of use and beauty from many 
a corner of the world. With all these, of 
course, went the still greater gift of the 
Phoenicians to the world — that aljJiabet 
which has come down for us to use to-day. 

The Watery Trail of Civilization 

Now what the Phoenicians did in carrying 
goods and in planting colonies — Carthage 
was only their most famous colony sliows 
how important the sea ways were becoming 
in the history of mankind. For a long time 
the roads of the sea were far more imf)ortant 
than those over the land, and they are of 


he often put both sails and a steam engine 
on his boat. And like the Phoenicians, the 
Greeks and the Romans often used both 
oars and sails when they came in turn to 
be the masters of the sea. In general they 
used oars in their warships and sails for their 
merchant vessels, though they often em- 
ployed both kinds of power. 

For though we said a moment ago that as 
soon as the seamen had sails and knew about 
tacking they could go anywhere, w^e must 
not sii])j)ose that the Greek and Roman 
merchantmen often ventured far into thi‘ 
deep. They usually hugged the shores for 
safety, however far out of their way the 
coast line miglit be to them; and their voy- 
ages were usually pretty slow, compared wdth 


the highest importance still. Overland an 
ancient country might be shut off from the 
world by mountains and by deserts through 
which hardly any man could pass. The scm 
was oi)en. It long ago became the main 
})alh of the irackr and traveler, the chief 
highway of civilization. It w’as the sea roads 
that knit the world logetlier long before the 
land roads were good enough to do so. It 
was mainly over the w’utcrs that every part 
of the known world got the pnKlucts and 
the culture of all the other parts. It was 
across the waters, in a w’ord, that civilization 


anything we know to-day. 

In fact, the Greeks and Romans w'cre more 
remarkable for their great rowing shii)s than 
for their sailing shij)s, especially for those 
they built for war. We ought to pau^e a 
moment over these l>efore going on with our 
story of the sails. 

There is probably no man alive to-day 
who would know how to build a boat just 
like the biggest ones in the CJrcck or Roman 
navy. These boats clejx^nded on the muscle 
of the man at the oars; and for speed and 
power it was soon found that a single tier or 


spread. And it goes without siiying that 
the more they had to carry or tlie more 
they had to fight, the larger and . 
more capable the ships became. 

The Phoenicians did not do all ▼ 
this with sails. They would use 
both oars and sails in the same \ 

ship, and they were likely to em- ^ m 
ploy the sails only when the / /I ^ 
wind was with them. In a ^ (L ^ 
word, thfv ^ ^ 

acted just as did pl , IW j: I 
many a seaman /l| f 

after the coming 
steam- 




bank’’ of row'ers was far from enough. First 
boat was made with two banks of oars, 
> one above the other. That 
w'as called a “bireme” (bi'- 
jT rem), which means simply 
‘Mouble-oared.” Then 
; X came the trireme (tri'- 
/ ;| \ rem), with three banks 
I ' of row'ers; the quadri- 
/ ; ; J ' \ romc (kw*6d Tl-rem) , with 
J ; ill \ banks; and the 

\ q u i n q u c r e m e 

/ \ (kwin'kwe-rem), 

must 

BaMfjlfflQEDDr be alreadv wonder- 


In such ships as 
this the Normans 
must have come to 
conquer England. The 
boat* is a galley, as you 
see, and carries both 


sails and oars. 
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ing how a boat could be made for five sets of 
rowTrs, one above another, with every man 
in each set reaching the water with his long 
oars. But the boat builders did not stop 
there. They went on to make six and seven 
banks; and before they were through they 
actually had boats with as many as si.xtecn 
banks of row’crs. Now how would you build 
a boat so that the sixteenth set of oarsmen, 
atop all the others, could still dip their oars 
into the water and scoop through it? 

How Rome Became a Sea Power 

These were very powerful ships, and they 
gave Rome many a victory. They helped 
her Romans to ruin Carthage and to master 
a great part of the rest of the wt)rld. These 
Romans, to be sure, had not started as a 
seafaring people, but they had a great w^ay 
of picking up the inventions and the secrets 
of other peoples and making the most of 


of modern “efficiency” we are likely to see. 
It was the beginning of the end for Carthage. 

All of these great ships with oars are called 
galleys, and the galley lasted, along with the 
sailing ship, straight through the Roman era 
and dow'n through the Middle Ages. It 
changed considerably in form, and came in 
general to have fewer banks of oarsmen than 
in the biggest boats of old. But always it 
depended on the pow’er of the human arm 
It made a terrible life for the oarsmen who 
had to man it. The work was grueling, and 
was often done under the lash. It was dan- 
gerous in peace as wx‘11 as in war; for the 
mere task of baling out the water that was 
alw'ays spilling into the ship was a heroic 
one. The row^ers wrere commonly slaves oi 
criminals who were set at the work for pun- 
ishment. There have probably never been 
wearier muscles in the world than those in 
the backs of the wTctched galley slaves, and 


them. When they first went to war with 
Carthage they were far outclassed on the 
water. But they found a Cartha- 
ginian quinquereme w'hich had 
strandecl on their coast, and 
then they went to w’ork. Tn ^ 

aixty days they built lio / 
ships just like it; and as 
soon as the ships were ^ 

ready, they were manned \ ■pi 

by oarsmen w'ho had ! ■ 

been trained to do the k ^ ■ 

hard and skillful row’- I j 

ing on platforms that I / 

had been set up on I 

land. The whole feat I 

wdll equal any piece I 
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there have been few kinds of punishment ship might carry three hundred persons, or 
worse than being ‘‘condemned to thegalle\s." even more, from Rome to Kgyj)t. 

Sometimes the oars were so big and long that During the long period of the Middle Ages 
it took three or four men to pull one oar there was no vast change in such ships. The 
through the water, and sometimes the men vikings of the north, sailors as bold and skill- 


had to be chained 
to their oars to 
keep them in the 
boat. There is 
hardly anything 
more horrible in 
the history of man 
than the long 
story of the gal- 
leys. Lasting 
through the Mid- 
dle Ages, the} 
even saw cannon 
mounted in their 
stout timbers. 
But they final!} 
gave way com- 
pletely to the sail- 
ing ship. 

We have 
strayed away 
born the tale of 
the sailing ship, 
and now w’c must 
go back. For the 
Romans had 
many a sail ship 
too, mainly for 



ful as the world 
1 has ever seen, 
I arose to be a fa- 
mous terror of the 
deep. At the 
height of their 
power, from the 
seventh century 
to the eleventh, 
they harried and 
I)lujulered every 
coast in Liirope. 
In their long 
boats, equipped 
with both oars 
and sails, they 
made their way 
into the Alediter- 
lanean and c\en 
went as far as 
Constantinople 
where the ruling 
prince was glad 
enougli to make 
peace with them 
at a high price. 
They .set up a 
colony in Iceland, 


travel and for 
trade. These took 
the Roman gov- 
ernors and armies 
all over the prov- 
inces of their vast 
empire; and they 
brought to Rome 
the food and lux- 
uries that came 


Here is a map to show how hard it was to get from Europe to 
Asia by sea before the building of the Suez Canal. Many times 
during the last four thousand years some enterprising person, 
usually a ruler of Egypt, has built a canal eastward from the 
Nile at least part way to the Red Sea. But these canals always 
filled in again; and they made an incomplete and purely Egyptian 
route, anjrway. Not until 1867 was there a way for seagoing 
ships of all nations to sail directly from the Mediterranean to 
the Red Sea. The canal we use now was dug bv the French, 
but it is governed by a group of men from England, France, and 
Holland, and is open to all the world. Meanwhile, in the cen- 
turies before it was opened, thousands of ships had gone back 
and forth between Europe and Asia by the long route around the 
southern tip of Africa. 


and another one 
in Greenland; and 
one of them, Leif 
Ericsson, is now' 
knowm to have 
sailed all the way 
to the coast of 
North America. 

The vikings 
were very remark- 


from every quarter of the world. It was 
still a dangerous thing to go to sea. No 
man could yet build a boat that might not 
go down in a storm, and no traveler be sure 
just when a pirate boat might cross his path. 
But still the Mediterranean was full of sails, 
at least along all the coasts, and the ships 
were constantly getting larger and stronger. 
By the time of the first Caesars a big Roman 


able shipbuilders, for they studied all the 
ways of the sea and made their ships to mas- 
ter it. They gave their boats very poetic 
names- “Deer of the Surf,*' ‘Xion of the 
Waves,'' “Raven of the Wind,'^ “Long Ser- 
pent," “Dragon.'’ And we can see now just 
what those boats were like, from the ones 
that have been dug up out of the ground in 
Scandinavia. In such ships the Angles and 
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the Sa5cons doubtless came to Kngland, and wc have told it all in other places in these 
in such ships William the Conqueror cer- books. You know how Prince Henry the 
tajnl^ took his Norman soldiers across the Navigator built up a fleet of prize vessels 
Channel. and trained skillful seamen to sail farther 

There were other great naval i)owers in and farther down the African coast; how 
the MiVldlc Ages, especially in the time of Bartholomew Diaz fde'iish) finally made his 
the crusades and later as the trade with the way around the southern tip of the continent; 
East grew to great proportions. 'Phe cities how Vasco da Gama went around the Cape 
of Gcncxiand Venice led in this, though other to India; above all, how Columbus set sail 
lands often had a good share. In the cru- to the west and found another half of the 
sades vast numbers of soldiers and vast world; and how, among many hardy followers 
quantities of supjflies had to be carried of these, the brave ilagellan made his sails 
toward Jerusalem, and the shii)s sprang up encircle the globe, 
to do the work. In the Eastern trade great 

fleets of vessels were busy bringing to Europe Adventure 

the treasures and luxuries, the silks and These were deeds that would have made 
spices and precious stones, that were always the old Phoenicians stare and gasp. And 
|)ouring westward across Asia thnmgh the what followed w'as a great building of fine 
routes of the caravans. '^Po tliis very day the sailing ships and a great list of explorers and 
city of Venice bears a thousand marks of traders in the riches of the New World. No 
the glory she enjoyed centuries ago when adventuies on the seas had ever been equal 
her sails weie straining before every wind of to the ones that now came, no such stores of 
the Mediterranean, l)earing rich and coveted gold and treasure had ever been carried under 
cargoes to the Western world. sail, and no such heroism had been shown 

^’el it is not until the did of the xhis graceful ship hardships endured as in the 

Middle Ages that the greatest ro- is an American ships of the captains who sailed forth 
niance of the sailor and his ship be- ^wo-maSed**^ves- unknown seas to search for un- 
gins. 'I hen the 'Furks hatl coucjuered sel, built in 1713. know n lands. The modern age had 


all the jialhwaNs to the East, and the 
rich trade was (ill otT. Bdween the 
two vast continents of Africa and 
Asia W'as a little slri]) of land at Suez 
A man lould walk across 
it fairly easily, yet no shi]) would ^ 
ever gel through it without a canal. 
And just bediuse of that little strip 
of land a ship would have to go all 1 
the w'ay around Africa to get to ] 
India, or sail w'cst all the way 
around the world! There was no \ 
other way to kceji up the Eastern \ 
trade, so long as the 'Purk stood \ 
his ground in Asia Minor. But 
now that they ha 1 a compass to \ 
steer by, the sailors of the West 1 
set out for India in whatever way “ 
they could. ^ 

"Phe vast romance of the sailing 

ship came with this effort - ^ 

to get to India, and with 
what followed it. You 
know all the story, and immh, 


come, in sailing as in all other things. 

If you care for a taste of the ad- 
venture to lx* had under the spreading 
sails of those days, you may as well 
imagine that xou are a captain going 
tiiii to see what you can find across 
tht. waters of four hundred years 
ago. You have a fine, stout ship, 
or maybe two or tliree, as you sail 
away amid cheers and waving ban- 
ners. But you know’ w’ell enough 
that even this strong ship may not 
save you in cver>’ storm, and }'ou 
I are going to l)e out so lung that 
' you are sure to meet plenty of 
storms that will toss your boat up 
and down like a sea shell. In gen- 
eral, you know’ where you are go- 
ing, but you have little notion what 
may be in your way — what rocks 
ji iJgLT^i^ shoals, w’hat coral 
islands, what icebergs, 
what contrary winds. 
pA-en with your compass 
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Mv.winy on the high seas I Let the officers lock to it 
now or they may find themselves prisoners in the hold 
of their own ship, or abandoned on a desert island, or 
facing some more sudden death. Far away from land 
or word of land, in a little world of their own in the 
midst of the waters, the sailors might well have taken 
matters into their own hands much oftener than they 


did. For the seas were lonely and perilous, the life 
was very hard, and too often the masters were brutal. 
Sometimes, too, it must have seemed to the sailors 
that their captain was mad. Columbus was threatened 
with mutiny. Henry Hudson was set adrift on Hudson 
Bay. Yet how many more times the men stuck stoutly 
to their posts and brought the ship to port! 


to guide you, and with all your skill with 
sails and rudder, you may be driven hun- 
dreds of miles off your course by bad winds. 
You may turn up on some desolate, unin- 
habited shore instead of on the gold coast 
you are aiming for; or you may reach some 
spot where the savage nati\'es cut you to 
pieces and even eat you. 

Hardships of \he Ancient Mariner 

You may have to loll about in the waves 
for days and weeks at a time, without making 
an inch of progress, because there is no wind. 
All that time, and all the rest of the time, 
your provisions will be dwindling. You have 
brought all the food you could stuff into 
your good ship. But the months have passed, 
and your stock may be very low. Maybe it 
is all gone, and you and your men are reduced 


to eating leather ami sawdust and any rats 
you can catch on the shi]). \ ou could not 
bring along any fresh food, because it would 
not keep; and so now the terrible disea.se of 
scurvy has broken out on your shij), and 
half of your men are dying. Perhajis four 
of them in live will be dead before you ever 
get back home. 

You picked these men as carefully as you 
could, of cour.se, before you started. But 
you did not have all the choice you would 
have liked. Very few of the sailors at home 
would dare to go on such a j)erilous voyage. 
You took the strongest and hardiest men 
you could find among those who were bold 
enough to go. Just because they are such 
hardy adventurers, they are anything but 
meek Christian gentlemen; the fact is that 
they are a lot of very ‘Hough customers.’' 
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The buccaneers were such colorful villains that it is 
very hard to condemn their villainy with the proper 
conviction And indeed some of them were gentlemen 
in their own odd way, and most of them were fear* 
lessly brave But suppose they boarded your boat— 


as in the picture and slashed to right and left till 
scarcely one of your men was alive and you yourself 
were a prisoner Then it would be much harder to 
see how romantic the buccaneers were — and much 
easier to see that they were villamsJ 


lor a long time th(\ liaxf been frowning 
ind muttering \ou Ihut noticed little 
knots of them \\his|Hrmg together and look- 
ing tiskance it ^ou \nd now that thc^ are 
down to leather ind sawdust, iMth a rat once 
in a while \ou know \our danger There 
ma\ bt a mutin\ In that e.asc \ou are \eri 
likeK to go o\<.rboard as the men take o\er 
I he ship and head for home- if the} know 
the wa> 

The Reward of the Adventurer 

Still there is a prettj good chance tha* 
\ou will get through all >e)ur troubles and 
reach home again If vou elo, you w ill have 
a tale for \our grandchildren You could 
write a book Ma\be jou will come home 
with a ship full of gold, majbe you will not 
have a nugget Ma\be \ou will have found 
new coasts and islands, and new places for 


llounshmir »olonics or ma\bc \ou will ha\e 
to sa\ that v u ha\c seen nothing but water 
c\cr\ where Ma\bc \our king will hang a 
gold ch iin around \ our nec k and make > ou 
a nobleman, or ma\be he will put an iron 
one around \oui ankles and throw \ou into 
lul ^ou are nc\cr ier\ sure, but amhow 
\ou ha\t \our \ast adventure, like a thou- 
sand other c iptains 

About the time of Columbus, the gieat 
sea powcis were Portugal and Spam But 
England, I ranee and the Netherlands were 
rising into fame ior their ships and sailors 
For a hundred >ears or so the> were all 
trying to get the best of their great enemv , 
Spain, though they afterward feU out with 
one another Thev fought Spam in the Old 
^\orld and the New World, and the> fought 
her on the high seas Man> a bold captain 
like Francis Drake was prowling the seas to 


i6q 


SAILING SHIPS 


waylay any Spanish shij) laden with treasure 
from America, and the governments of the 
day winked merrily at all his piracies. All 
that is part of the romance of the sailing ship, 
too, though it does not always make a beau- 
tiful romance. 

And then came a great system of piracy 
that was far worse. It rose with the bold 
buccaneers in the Caribbean and ran a great 
course all through the seventeenth century. 
Some of these pirates had been slaves to the 
Spaniards, and they kept their hatred of their 
masters abla/e after they gained freedom. 
Others were sailors \\ho had deserted or had 
mutinied. Some were just adventurers out 
for an easy living. Most of them were F rench 
or English. 

Who Were the Buccaneers? 


the name of “boucaniers,’’ or “buccaneers.'^ 
Now Spain forbade anyone to buy goods in 
this region except from the Spanish. So the 
buccaneers, who wanted to sell their cured 
meat, grew into smugglers, and ’of course 
hated the Spanish more and more all the 
time. Finally the}' secured ships; and they 
would lie in wait along what people have 
come to call the “Spanish Main," meaning 
by that the path of the merchantmen of 
Spain through the Caril>bean. At every 
chance they would seize a proud galleon on 
its way home, full of gold and jewels. 

Famous Pirates 

There were many famous pirates. One of 
them W'ds John Avery, otherwise known as 
Bridgeman, long a terror of the sea. Another 
was Bartholomew Roberts, who is said to 


They started their nest on the island of 
Hispaniola (hts'pan-yo'la), now Santo Do- 
mingo. The natives there had been killed 
off by the cruel Spaniards, and the island 
w'as full of herds of w'ild cattle. The outlaws 
hunted the cattle and cured 
the meat after a fashion they 
had learned from the Carib 
Indians — in strips on grills 
over slow fires. The grills w ere 
called “boucans" by the In- 
ilians, and so the outlaws got 


have captured about four hundred ships from 
first to last. There were ev'en w omen i)irates. 
But the most famous of all piiafes in ]K)i)uIar 
legend ma\ not ha\ e been a piralt* 1 hat wa‘ 
Ciiptain Kidd. He w.is hanged for juTae v in 

For generations England and Hoi- f'*'' Dial has hit 

land were nvals for control of the doubt in the minds of main as 
seas. It IS said that Tromp, a Dutch « i .i i hi ’ i 
admiral of the seventeenth century, b> whether he r(tillv deser\ed 

hoisted a broom from his mast “to siu h a severe punishment, 
sweep the English from the sea.“ ... 

The English admiral replied by At the beginning of the 
hoisting a whip. In this picture the , , i, 
designer is showing a model for a 
new British warghip — “A New Whip niiide 
for the Dutch.** 


eenturv England 
determine<l efTorl l(» 
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This is a square-rigged American merchant vessel, 
with all sails spread. Thirty-seven of them! How 
many do you know? Here are the salty-sounding 
names of all of them: (i) flying jib; (2) jib; (3) fore- 
topmast staysail; (4) foresail; (5) lower fore-topsail; 
(6) upper fore-topsail; (7) fore-topgallant sail; (8) fore 
royal; (9) fore sky sail; (10) lower studding sail; (zx) 
fore-topmast studding sail; (12) fore-topgallant stud- 
dmg sail; (13) fore-royal studding sail; (14) main 
staysail; (15) main-topmast staysail; (16) main-top- 
gallant staysail; (17) main-royal staysail; (x8) main- 
sail; (19) lower main topsail; (20) upper main topsaU; 
(2X) main-topgallant sail; (22) main royal; (23) main 
skysail; (24) main-topmast studding sail; (25) main- 
topgallant studding sail; (26) main-royal studding sail; 
(27) mizzen staysail; (28; mizzen-topmast staysail; 
(29) mizzen-topgallant staysail; (30) mizzcn-royal stay- 
sail; (31) mizzen sail; (32) lower mizzen topsail; (33) 
upper mizzen topsail; (34) mizzen-topgallant 
(35) mizzen royal; (36) mizzen skysail; (37) spanker. 
Now if you have read these names you have doubtless 
noticed that most of the sails are named for the mwt 
on which they are hung- the foremast, v^ich is in the 
bow; the mizzenmast, in the stem; and the mainmast, 
between them. The sails take their names from their 


position in the mast On any square-rigged vessel the 
sails are hung from strong horizontal supports called 
**yard8,’* and each yard is suspended— or **slung”- at 
its middle point from the mast. When the ship is sail- 
ing with the wind squarely behind her — “before the 
wind“ — the sails are spread at right angles to the 
keel of the boat When a square-rigged vessel carries 
triang^ar sails, they are hung on heavy ropes called 
“stays." A fore -and-aft rigged vessel carries one large 
sail to a mast, and this is attached— or “bent"— to 
large spars or stays in the midship line of the boat. 
For the term “fore-and-aft" means “lengthwise of the 
vessel." A sail spread in this way can swing to either 
side of the mast or be set behind the mast on a line 
with the axis of the boat. A two-masted boat that is 
square-rigged is a brig. A schooner is a fore-and-aft 
rigged boat with two or more masts and a jib. Such a 
boat with only one mast is a sloop-y-unless it has a sec- 
ond smaller mast, in which case it is a yawl. Some- 
times vessels carry both square and fore-and-aft rig- 
ging. A bngantine is square-rigged on the fore and 
the main, except that the mainsail is fore-and-aft 
rigged. A three-masted vessel with square rigging 
on the foremast only is a barkentine; if it has square 
rigging on all but the mizzenmast, it is a bark. 


Tool out the buccaneers, and most of then who steadily grew as a naval and trading 

disappeared. Some of them kept on, how- power from Drake’s defeat of the Spanish 

ever and it was not till about a hundred Armada (ar-ma da) in 1588 to TSiclsons vic- 

years ago that the last of them vanished, tory over Napoleon’s navy at the BatUe of 

W could not stand against the steamship. Trafalgar (tra-fill gar) m 1805 ^rowthon 

After the great days of Spain, several other until W orld W ar II, w hen the L niltd States 
nations gained or disputed the rule of the took i.r^t place, haigland was the worlds 
ocean. The palm finally came to England, leading sea power. 
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A shm entenns New York harbor! Yes, but it hap- small Dutch seaport of New Amsterdam and when 
pf ued a long time ago, when our great city was the ships were still dependent on the winds 


Yet there ^^as a lime when the Americans 
held the first place, at least for speed, among 
the sailors of the world And by way of 
telling what the sailing ship had grown to be 
like in its lordliest da\s, we ma> say a woid 
about the famous clipper ships, first built in 
the Unitt^d States 'Fhey came after the 
steamboat was already on the ocean P'or 
the sailing ship had its proudest moment just 
before it made its final bow to steam. 

The Speed of the Famous Clippers 

These famous clipper ships passed every- 
thing on the ocean, even the steamboats of 
their lime. By 1845 clipix?rs built in the 
yards of Boston and New^ York and Balti- 
more were speeding back and forth between 
China and England and the United States, 
laden with tea. In those days of fewer 
delicacies tea was considered a great luxury, 
and people were most exacting about Us 
qu^ity. It was thought that tea lost some 
of its flavor on a long voyage, and the first 
of each year's crop was at a premium on the 


London market So sjxid wj^ imiiorlant 
for the ships that bi ought it — and S])cecl the 
clippers made When there was a favoring 
wind the captain was on deck day and night 
Sometimes the sails were padlocked to the 
masts so that no matter how' frightened the 
sailors might be in a terrific blast, the canvas 
could not be hauled down. The ships raced 
each other. In the most exciting of all these 
races, live British clipiicrs sailed out of 
Focxrhow bound for London Ihc winner 
was the '‘Taeping,” which got home twehe 
minutes ahead of the “Ariel," second in the 
race 

Most popular perhaps of all the clip{x^is 
of the United States was the “Flying Cloud,” 
a thing of beauty and grace and speed built 
by Donald Mackay, one of the greatest of 
all the American shipbuilders. She was 1,783 
tons register, 220 feet long, and 40 feet, 8 
inches in the beam. Her mainmast was 88 
feet tall and her main yard 82 feet. When 
she made the trip around South America 
from New York to San Francisco in 89 days 
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and i8 hours, the whole country was filled 
wiih pride, and her owners had the log of 
the voyage printed in gold on white silk to 
distribute among their friends. Her record 
was 374 miles in 24 hours. That w'as a 
record that steamers did not reach till more 
than twenty years afterw^ard, and it is a 
good record for the average steamer on the 
ocean to-day. But the ‘'J.,ightning,” Boston- 
built and manned with British sailors, made 
436 miles in 24 hours. 

The discovery of gold in California in 1848 
and in Australia three years later brought 
business to American and I'ritish clippers. 
In America men W'crc frantic to get out to 
('alifornia. The overland journey was slow' 
and dangerous. The way around the stormy 
Horn was faster, though jierhaps even more 
dangerous. Any ship that could stand up at 
'ill on the sea could count on i)assengers for 
the Pacific coast. It w'as easy enough to get 
a crew for the trip out, but a very different 
tiling to get one to sail back again. The 
moment a ship landed in San Francisco, 
everyone on board was off on a mad search 
for gold. Sometimes even the cajitains grew' 
delirious wdth gold fever and left their ships 
to rot at the w'harves while they went <ligging 
for treasure. But not the captains of the 
clijifx^rs! ''riiey .sailed back around the 
Horn as fast as they could go, to pick up ^ 
another load of passengers; or they 
made off across the Pacific after /. 
cargm's of tea for London or 
New York. 

The great day of the Amcri- ' 1 

can clippers was between / & 

1S50 and 18O0. After I 

that the Civil War and , * ^ 

and comix'tition from 

the British mer- / 

jliant seamen and , 

from steam ves- / / I 


scls combined /j^ 
breakup 


Nowadays we sec reminders of tho.se gallant 
sailing ships in the best of the little models, 
clippers in miniature, and in the long lines 
and raking masts and spreading sails of 
racing yachts. 

The clii)pers were not built for passengers. 
Ocean travelers at that time w'ent mostly in 
packet shi]3s, which built up a fine service 
betw^een the United States and F.urope. The 
Black Ball Line had regular sailings on the' 
first and sixteenth of each month from New' 
York to Liverpool, d liat line got its average 
down to tw'cnty-three days over to England 
and forty days back. "I he record w'us held 
by the ^T^inada/’ which matle a voyage in 
fifteen days and eighteen hours. One of the 
great ])acket-ship matches was sailed in 1837 
by the liner ^T’olumbus’' against the “Sheri- 
dan.” Th(‘ stake was Si 0,000, and the 
“Sheridan's” crew' were promised S50 apiece 
besides their [lay of 825 if she w'ere the 
winner. I^ut the “Columbus” made it from 
New York to England in sixteen days, and 
the “Slieridan” w’as two days behind her. 

Yet in the end packets and clippers had 
to give way to steam. For no matter how 
good a sailing \*es.sel ma>' be, it can go no 
i faster than the wind, and if the 
B wind does not blow it cannot go at 
K all. It can never be certain when 

start or W’hen it will ar- 
Stiiling ship 

I R could gi^'e w'ay graceful!}' 

pride. For cen- 
turies she had made 
jl ^ , splendid history and 

had won a place in 
Y the imaginations of 

'' men from which 
J \ she can never be 

‘ \ displaced by the 

\ smartest ocean 
, , greyhound or 
the mighti- 
est man-of- 


their trade, 


Photo hy Muitonm of Holonoo 
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This is the schooner yacht 
“Elena** that won the King 
Alphonso XLL cup in the trans- 
atlantic race of 1929. 
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Reading Unit 
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WHEN WE PUT STEAM IN OUR CARTS 


Note: For basic information 
not found on this paf^c^ consult 
the general Index^ VoL 1 5. 

Interesting F 

CuRnot and his steam wauon, 10- 

^75 

‘‘Cap'n Dick” shows his steam 
carria^^e to London, 10 177 
When the locomoti\e took to rails, 
10-177-79 

When Stephenson built a railroad 
line to carry American cotton 


For statistical and current I at is, 
consult the Richards Year Book 
Index. 

ts Rxplained 

to Manchcsier, ro-i8i 
“Tiun 'Thumb,” the first Ameri- 
can-built locomotive, jo 1S2- 
«3 

America's first railway accident, 
10 18^^ 

A locomotive parade, 10 183 


Things to Think About 

How fast could some of the early of little use to its owners^ 

steam carriai^es travel? What causeil the boih^r blow out 

Why was the •‘Stourbrid^'e Lion’’ on the “Lest Ftit'nd"’* 


Picture Hunt 

What were the main features of What do we know about some -of 

the early locomotives? 10- the famous early locomotives? 

177-79 , 10-180-82 

Related Material 


How are logs loaded on railway 
cars? g-253 

How is food kept fresh on long 
train journeys? 1-409 
How did James Walt put steam 
to work? 10-399-401 
Why is the railroad business con- 
sidered a natural monopoly? 
7 -S 43 

Feisure^time 

PROJECT NO. i: Make a 
model of an early English steam 
locomotive, 10— 180-81 


Why is the outside track around 
a curve on a railroad bankeeP 
1-3TO 

How did the jzovernment help the 
Union Pacific Railroad C'om- 
pany? 7 278 

What has been done to prevent 
the buckling of railroad tracks? 
I 478 

A ctivities 

PROJECT NO. 2: Make a 

model of “Tom Thumb,'" 10-182 


Summary 

In principle, the locomotive 
works in about the same way as 
any other steam engine; it simply 


Statement 

turns the wheels on the ground 
under a train, and so makes the 
train speed over the track. 
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This famouh train with its areat Diesel engine is slip- 
ping through Santa Susana Pass on its way from ban 
Francisco to I os Angeles It was not until 19)4 that 
Diesels were used in high speed pasbenger service in 


the United States But today we see more and more of 
them for they can pull more loaded cars more cheaply 
and more swiftly than steam engines can This recom- 
mends them in an era of high speed and high fuel 



DIAGRAM OF A 2 000 HORSEPOWER 
DIESEL-ELECTRIC ROAD LOCOMOTIVE 

1 Crankcase 12 Truck center plate oil cups 

2 Air compressor filler and level gauge 13 Timken roller journal bearings' 

3 Radiator fan drive shaft 14 Fuel oil tank condensation dram valve 

4 Flexible coupling (between engine and air com- 15 Drive gears (for exciter and auxiliary generators) 

pressor) Refers to Traction motor armature bearing, rom- 

5 Fast coupling (between air compressor and radiator mutator end (close) 

fan drive shaft) 17 Refers to Traction motor armature bearing, 

6 Engine turning device (for turning engine during pinion end (far) 

maintenance work) 18 Traction motor suspension bearing 

7 Windshield wipers 19 Refers to Traction motor suspension bearing 

8. Hand brake (inside cab) 20 Traction motor gear case 

9 Hinges and latches of cab doors 21 Amplidine exciter 

10 Air brake components 22 AuxJiary generators (near side, for traction motor 

Reading five arrows top to bottom blower motors) 

Brake shoe slack adjusters 23 Auxiliary generators (far side, for battery charging 

Brake shoe hangers and control circuits) 

Brake cylinder 24 Traction motor blowers (for air cooling of motors) 

Brake cylinder push rod 25 Motor generator set (for engine governor control 

Horizontal brake lever circuit) 

11 . Electrohydraulic engine speed and load governor 36 . Motor driven fuel oil transfer, and governor lubri- 
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catinK oil pumps 

27. Eddy current clutch 

28. Right angle drive gear box (for radiator fan drive 
shaft) 

2g. Engine governor hydraulic oil reservoir tank 

30. Axle driven generator for train speed indicator, 
automatic transition control system and locomotive 
overspeed safety control system 

31. Engine speed governor tachometer generator 

32. Crankcase exhauster blower (for side behind ta- 
chometer generator) 

33. Operating cab heaters, two (one each side) 

34. Windshield defrosters, two (one each side) 

35. Reverser (lower right side of control compartment 
central in cab) 

36. Controller (throttle) 

37. Electropneumatic contactors (in control compart- 
ment) 

38. Transfer and dynamic braking switch (lower left 
side control compartment) 

39. Dynamic braking grid blowers 

40. Duplex fuel oil filter (far side) 


41. Single element fuel discharge filter (far side) 

42. Lubricating oil cooler 

43. Obsolete. Turbosupercharger lube oil filter -no 
longer used 

44. Electrohydraulic engine speed and load governor 

45. Turbosupercharger air intake filter (panel type 
supersedes barrel type) 

46. Air compressor intake filters (two) 

47. Air compress >r crankcase breather 

48. Engine compartment air intake panel type filters 

49. Air compressor intercooler 

50. Air filter radiator shutter control 

51. Fuel filter, steam generator 

52. Water treater tank 

53. Water by<pass control 

54. Water strainer 

55. Steam generator auxiliaries drive motor 

56. Steam generator water pump 

57. Steam generator forced draft blower 

|Note: A diagram of a four-stroke cycle Diesel engine, 
together with a description of its operation will be 
found on page 276 of ihis volume. | 


For heavy long-distance hauls Diesel locomotives ar^ 
operated in units of two or three The train above 
has three They will furnish enough power to haul a 
heavily loaded freight train across high mountain 
passes, and can make their way around curves without 
trouble In a plant, stationary Diesel units may be 
multiplied This is a great advantage to the manu- 
facturer, who IS not obliged to rebuild a whole engine 
room in order to install a single, more powerful engine 
Moreover, a Diesel possesses other advantages as 
you may learn from our description of its operation on 
page 276 of this volume It is economical, has a long 
life, and is very dependable It is simple to operate, 
does not make itself a nuisance with smoke and ashes, 
needs only a small floor space, and does not have to 
have a large water supply Neither does it burn fuel 
when not in use, as a steam engine does 
In a Diesel locomotive such as is diagramed on the 
preceding pages and in various other kinds of Diesel 
engines the Diesel’s power is not applied directly to 
turn the wheels It is used to manufacture electricity 
and it is the electricity that drives the wheels, as 
well as lighting the train and serving various other 
purposes 

Though advances are constantly being made Diesel 


power has not as yet been adapted to use 111 passtni.er 
automobiles and airplanes The engines an more ex 
pensive to budd for automobiles than gasoline eng if*s 
are, and are heavier for airplanes 

The first Diesel engines were slow and very big and 
heavy Even after forty years of improvement the more 
powerful ones weighed 100 pounds prr horsepovver 
That IS, a loo-horsepower engine weighed looio 
pounds It was Charles Franklin Kettering who pro- 
duied (1935) the modern light, high-speed, heavy-duty 
Diesel small enough to fit inside a railway car Today 
we have Diesels weighing as little as six pounds per 
horsepower, for use in trucks, buses, tractors, small 
boats, and as stationary engines for various purposes 
During the war Diesels installed in submarine chasers 
weighed as little as four pounds per horsepower The 
smallest Diesels develop five horsepower But giants 
of 7,000 horsepower are in common use 
A new engine which came into general use after 1870 
made It possible to build larger and faster sh'ps and 
more economical ones Then bulky cargoes could be 
moved cheaply, and our modern world trade began 
The Diesel engine would seem to be m a fair way to 
introduce another such revolution in shipping on sea 
and land and perhaps in the air 


THE STORY OF THE LOCOMOTIVE 



Lined up be<^ide a quaint old wood-buming engine of to>day. Two of them» as you see, are stream-lined in 
1882 are four of the fastest trains in the United States construction, to gain greater speed. 

WHEN WE PUT STEAM in OUR CARTS 

Up to a Hundred Years Ago, We Had Nothing but Muscle to Pull 
Our Wheels; Then We Put Steam behind Them 


NK clav in the jear 1770, when (leoigc 
Ilf was beginning lo have m) much 
trouble ^^ilh ihe })e()plc in America 
and when Louis XV was still sitting on the 
toppling throne of France, the men and 
w'omen in Paris had a chance to see a queer 
thing on three wliecds coming down a street 
in their city. 'I'liere was no horse to pull it, 
and yet it jailTed along at about three miles 
an hour. Alost of the jieople merely laughed 
at it, of course, as they nearly alwa\s do at 
anything ncw\ Ifcw could they ilream that 
a thing of this kind w'as going to make the 
world over, and liring us all the railway.s 
hat now circle all the earth? 

Behind a big copper boiler sat the pale 
mventor of this In^rselcss wagon, Nicolas 
Joseph Cugnot (ku'nyoO- But who was this 
Cugnot, the people asked, and w’hat was his 
outlandish machine for? And Cugnot w^as 
greatly disappointed. He had been working 


on hi& steam wagon for a year or more, and 
had the highest hopes of its first trial in 
public Bu» it only got out of control and 
damaged some jirojierty. Cugnot was too 
poor to pay for the damage, so he was thrown 
into j)rison for it, and his dangerous machine 
was locked up where it could do no harm. 

To-day Cugnot’s machine is kept in a 
museum in Paris, as the very first steam 
locomotive in the world and the jurent of all 
the power-driven locomotives we now’ have — 
the railway engine, the electric car, and even 
the automobile. But the people then must 
have mostly thought that poor Cugnot w’as 
some sort of lunatic. 

For look at what had happened to old 
Solomon de Caus (dc kos) over a century 
before. One day a visitor had come across 
him in the Paris asylum for the hopelessly 
insane. Looking out from behind his bars, 
Solomon kept saying, ‘T am not mad! I 
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Poor old Solomon de Cans was not the first man— nor 
the last — to be thought insane because he was ahead 
of his day. Here he is, in the French madhouse into 

am not mad ! I have made a discovery that 
Vill enrich the world!” 

“And what is his discovery,” inquired tlie 
visitor. 

“Oh,” replied the keeper, “that is only 
Solomon de Caus. He has a wild notion 
that he can make the steam from boiling 
water move ships and carriages. He came 
up to Paris to tell the King about it. But 
of course the Cardinal would not let him get 
at the King. And at last the Cardinal grew 


which he wss clapped because he had had the idea of 
the locomotive. Men would have had the invention 
two centuries earlier if they had been less stupid. 

so tired of hearing him rave about his notion 
that he had to have Solomon locked up here.’* 
By the time when ('ugnot\s carriage camt 
to grief in Paris, a good many other peopk 
were thinking about steam vehicles. In Eng 
land the great James Watt, whose stationary 
engines were already turning many a factory 
wheel, was taking out a patent for some sort 
of steam wagoiv His manager, William 
Murdock, was making a small model of the 
locomotive. 
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Murdock wanted to keep his idea secret, his cousin, Andrew Vivi 

and he tried his engine out at night on a it off in London. Ove: 

roa‘d near his own home. It was only about and hills of Cornwall, tl 

a foot high, and the steam was made by the own steam to Plymouth, 

heat from a little spirit lamp. One dark on a sailing ship for Loi 

night Murdock took his machine to a lonely much admired by great 

path between the high hedges near the One day as the engine 
churchyard. U'he little three-wheeled thing its way to Plymouth, A 
was soon going ^ a toll gate ahead. The 

along in fine \ f so fast that they could h 

wife were We might have had automobiles 

walking quiet Iv much sooner if one of the early * 

I I ^ carriages had not had the ■ V ' 

home in iJh bad luck to rip the palings off a _ jT f 

(lark when Jill at fence. That accident led people X^' JV J '''» 
I . to feel all such vehicles so dan- ^ a,,~ 

once this lieiy gerous that lavFS were passed 

ihincr r tuifT. against them. As late as 1896 

xningcanu pun forbidding “any power propelled vehicle” 

ing and smoking to travel over a public highway at mere than four miles tm hour— 
«ven then a man with a red flag had to go ahead of it! Many 
along UK ]Mui. p^Qpjg jjj country will remember the protests of farmers 

Jn spite of all and other drivers of horses when the automobile first invaded the 

1 . 1 country roads and caused countless runaways, 

nis prayers and ^ 

sermons, the good vicar thought the j)owcr “Xa na }wthingj M 
of evil must still be abroad in the land, to pay! Drive on!’’ 
Murdock soon ran u[) an<l (juicted all fears. So Vivian and his cou‘ 
but this is the last we hear aiiout the run llew on i)asr leaving th 
of that little loc'oniolive. story to tell for the rest 


home in tin 
dark whi‘n all at 
oncT this fieiv 


^•tm. 


his cousin, Andrew Vivian, decided to show 
it off in London. Over the terrible roads 
and hills of Cornwall, the thing went on its 
own steam to Plymouth, where it was loaded 
on a sailing ship for London. There it w^as 
much admired by great crowds of j>eoplc. 

One day as the engine was chugging along 
its way to Plymouth, Andrew Vivian spied 
a toll gate ahead. The machine was going 
so fast that they could barely stop it in time 

t to keep it from 

^ ‘ What have us 


The First Real Locomotive 


y gatekeeper, 
W W ^ through his 
^ V J chattering 

teeth. 

'll .1 K- 1 » “What have us 
ay power propelled vehicle” . ,,, 

ere than four miles an hour — got lo pay, 1 say. 
had to go ahead of iti Many Vivian, think- 

^mher the protests of farmers ’ 

» automobile first invaded the mg the man was 
countless runaways. 

“Xa — na — nothingj Mr. Devil! Xothing 
to pay! Drive on!” 

So Vivian and his cousin got up steam and 
llew on jiasr leaving the gatekeeper with a 
story to tell for the rest of his life. 

Xow' these first Icxromotives, as we see, 
were made to run on roads, and not on rails 


Hut a man who hail studied under Mur- 
dock went a good deal farther. This w^as 
Richard Trevithick, or “Cap^n Dick,’' as he 
was called; he w*as born the year after Cugnot 
got into his trouble in Paris. He w^as a great 
big Cornishman, si.\ feet two in height, and 
his mind was as good as his muscles. He 
built the first locomotive to carry passengers 
over a road in England, and also the first to 
draw a load on rails. 

His first steam carriage was tried out on 
Christmas Eve of the very first year in the 
nineteenth centur>'. That carriage got into 
trouble, but “Cap'n Dick" soon made an- 
other. This one went so well that he and 


at all. Vet there had been “raihvays" of a 
sort in England for a long time. To haul 
coal from the mines to ships and barges, the 
miners had first laid down planks for the 
w'agons. Then wooden rails had been nailed 
to the plank road, and the wagon wheels had 
been grooved to fit them. Still later the 
wooden rails wx-re covered with scrap iron. 
All this made a much smoother road, and 
tw^o horses could sometimes pull as much as 
twenty-four tons over it. 

The Locomotive Takes to Rails 

To railways such as these, around the 
Cornish mines, “Cap'n Dick" Trevithick 
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Photo by Science Museum London 

la 1829 Goldsworthy Gurney traveled at fifteen miles above. It was the first long journey at steady speed 
an hour over the mam ^ghroad from London to Bath ever made by a locomotive The driver sat m front* 
and back agam in his ingemous steam carnage* shown but the engine, which burned coke, was in the rear 
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had been used all his life. He was also 
used to hearing all sorts of bets as to what 
horses could do. “They ought to see what 
viy horse can do/* thought “Caj)*n Dick*’ as 
he set to work on a new model. And a man 
named IluniiJirey, who bought the model, 
made a bet of a thousand guineas that it 
would haul ten tons of iron over a tram roarl 
nine miles long in Wales. Of course Hum 
phrey won his bet . And though the mac hine 
went only five miles an hour, or slower 
than a horse, it was leally 
the first railway locomo- 
tive that the w'orld ever 

seveiing. That was • srun.. muh.u„ 'M 

(ieorge SlepluMison, At the left is Murdock’s 
,m,l m.,,0 ,1,.,., an> ^ 

other man he is the At the nght is Trevithick’s lo- 
‘•I..lher (.f the lail- comotiw, built in 1800. 

way.” He was ten years younger than 
Trevithick, being born in 1781, at Wylam, 
in the coal coiintr\ , way up near the Scottish 
border. His tamily w^as so jioor that they 
all lived in one room, and at a very tender 
age the bo\s had to go to work, before he 
was old enough for that, Oeorge had to look 


ings a week. “I am now a made man for 
life!” he shouted. Little did he dream what 
was ahead of him. 

Yet he kept on working at his models of 
steam engines. All he could do was to make 
them like the ones he saw around him. To 
be sure, there w^re some books about steam 
engines now, but our strapping George, who 
could outbox anybody in the neighborhood, 
had never learned to read and wTite. He 

g a threepence a w'eek 
irid then he studied 
le light of his engine 

eight or nine w'^agons dowm to the Tyne. And 
Stephenson kept plugging away at his owm 
ideas, until before he was forty he ha<l made 
a steam loc )fnotive that was the w'onder of 
everyone who saw it. 


after the foui younger c'hildren —and e«?j)c- 
cially to keep them off the wooden railways 
that ran by I heir home. All day long the 
horses pulled the coal wagons down to the 
ships on the river dyne. George used to set 
uj) water wheels in the brook near the house, 
and out of the clay around he was forever 
making models of the engines that he saw 
j lumping w'ater out of the mines or drawing 
up baskets of coal from the pits. 

The Boyhood of George Stephenson 

His own father was the fireman of a pump- 
ing engine, and at fourteen he was proud to 
get a shilling a day helping his father. One 
Saturday night about a year later, he w^as 
told that his pay would now be twelve shill- 


The First Railway in the World 

About this time he heard that some rich 
mine owners were planning a twelve-mile 
railway for horse-drawm w'agons between tw^o 
places called Stockton and Darlington. See- 
ing a chance to show* what his engine could 
do, he went to a w'ealthy Quaker named 
Pease, w'ho w^as interested in the line. “I 
am only the enginewright at Killingworth, 
that’s what I am,” he began; but he soon 
had Pease listening to every word he said. 
And when Pease saw' what the engine w'as 
doing at Killingw'orth, he managed to per- 
suade the other men to try one on the 
Stockton and Darlington line. 

So on September 25, 1825, there wras 
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o|K.*ne(l flic first railway in the world to 
carry passengers and goods. At the head 
ofUc jiroccssioii out of Darlington rode a 
man on horseback bearing the company’s 
Hag. Behind him came Stephenson driving 
his engine, named “Locomotion.” And be- 
fiind this were six wagons full of coal and 
flour, a covered coach with the directors of 
ihc company, twenty-one wagons crammed 
with other passengers, and then six more 
rdled with coal. As soon as Stephenson came 
to a down gra^le, he sluiuted to the horseman 
to get off the track, anti gave the engine her 
head. The horseman and the runners 'vere 
left far behind. And the train jiulled into 
Stockton, as the jiajiers of the day said, 
“in three hours and seven minutes, including 
stoppages, the distance being nearly twelve 
miles.” 

Ten Miles an Hour ! 

The Stockton an<l Darlington line was a 
success from i1m ‘'^arl. Still, when Stephen- 
son built the more important line to bring 
American cotton from the ships at Liverptx)! 
to the mills at Manchester, he had a hard 


the unbelievable speed of ten miles an hour 
should meet a cowd” Then he probably 
looked around as if to .say, '^Now I have 
him!” 

But Stephenson only answered, in his 
northern accent, “It would be verra hard 
on the cow, sir.” 

The Locomotive Crosses the Sea 

Even the experts were against Stephenson. 
They had far more education than he had, 
and they insisted that locomotives wxre out 
of the question. But Stephenson would not 
give in. Finally the directors offered a prize 
of £500 for any locomotive that w^ould do 
the w’ork. And Stejihenson’s “Rocket” w^on 
against twx) rivals. Part of the way it went 
as fast as tw'enty-nine miles an hour. So 
the “Rocket” and seven other engines built 
by Stephenson and his son Robert apj)eared 
in the procession that o]>ened the line from 
Liveqx)ol to Manchester in 1830. The line 
s(K)n made its directors rich beyond their 
wildest dreams. 

By this lime the men of America had grow n 
inter€‘sted in steam locomotives In 1829 
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A -“Tom Thumb,” 1830, 
the first locomotive built in 
the United States The com- ^ 

pany’s directors are nding I 

behmd ^ I 

w»i1l j 


C By the time when this busy 
little gadfly was buzzing about 
from town to town the locomo- 
tive was no longer an experi- 
ment It had become a neces- 
sity And we may be sure that 
when people first saw this im- 
proved model cf 1870 they 
thought It a marvel of efficiency. 
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. Knglish engine called tlic “Stourbridge Lion^* 
t(\^se on a track from their mines in Penn- 
sylvania lo tlic end of their canal. But the 
“Lion’' i)rovcd to be too heavy for their 
track, and never was of much use to the 
company. You can see it now in the Na- 
tional Museum at Washington. 

The First Railroad in America 

Iwcn earlier the legislature of Maryland 
had given the Baltimore and Ohio Comi)any 
the right to build a railway thirteen miles 
long from Baltimore down the Patapsco 
River to Kllicolt’s Mills. At first only horses 
were used on the line. But in Peter 

roo|)cr built for this line the first steam 
locomotive ever made in America. It 
weighed one ton, and was named “'Lorn 
1 'hunil).” 'riie boiler was about the si/.e of 
the one you may see on the kitchen range. 
All the same, 'foni 'rhumb pulled a flat car 
all the way to hJlicott’s Mills at eighteen 
miles an hiiui, vsul* all tlu‘ directors sitting 
up very straight and solemn on the car in 
their tall silk hats. riiey uere the first 
jiahsengers who ever traveled by steam on 
thi> side of the ocean. On the way back 
'fom rhumb had a race with a horse-clrawm 
car. lUit a belt slipped, and Peter CoopcT 
hurt his hand trying to juit it back in place. 
So he ha<l to shut olT steam, and the horse 
w'on. 

America’s First Railway Accident 

Prom the start, locomotives were used on 
the line from CdiarU'slon, South C’arolina, to 
Savannah. In the* same yc'ar that Tom 
'I'humb lost his race in Maryland, the “Best 
Friend,” built at West Point in New York, 
lulled the first whole train of cars to run in 
America. I'he driver wanted to emd the run 
with a fine burst of sjuvd, so he ordered the 
Negro fireman to pile on the jiine knots. The 
Negro did so, and then thought he w’ould sit 
on the safety valve to kc'ep the steam from 
leaking. 'Phat w’as the end of the boiler! 

Such were the beginnings of the locomo- 
tive. F.vcryhody knows what the end is; 
but that is another story, and we are going 
to toll it in another place. 'Fhere wt shall 
show how the vast railways have grown \\[^ 
out of this invention and what they have 


done to make the w*orld a different place to 
live in. From Cugnot’s little three- wheel 
contrivance snorting at three miles an hour 
through the street in Paris we have come to 
the powerful giants that can roar across the 
continent in three or four days. 

In princi|)le, the sti*am locomotive works 
very much as any other steam engine does. 
Tn another story we have .shown how the 
steam engine is made to turn all sorts of 
w'heels. The locomotive sinijily turns the 
wh(*els on the ground under a train, and 
makes the train speed over the track. 

Many trains today arc moved by diesel en- 
gines similar to steam engines though they 
have no boiler and burn oil. We associate 
diesed hn'ornotives w ith the streamlined trains 
which, because of their design as well as 
their jiowerful engines, can travel over loo 
miles an h -ur. pAery year more and more 
diesels replace the oltl steam locomotives. 

The Fair of the Iron Horse 

In u^27 the Ballimoio and Ohio held its 
“Fair of the Iron Horse” at Baltimore. In 
front of a grandstand .seating twelve tlKui.sand 
jieople ran a circular track six thousand yards 
in length, ('ircling the track came a parade 
of locomotives, with little old “'Pom 'Phumb” 
pulling bravely in the lead. After him came 
many another engine, .showing all the marvel- 
ous impri)vc*ments that have come in just 
fine hundn li \ears. 

Canada sent some of her great engines — 
of the kind that made rec'orcl time in hurling 
the sjHTia' trains full of raw Japan silk from 
the sliips at Vancouver to the mills in New 
York and New jersey. Phe Clreat Western 
Railway of England sent its Cleorge \', a 
huge locomotive that cinjld do a hundred 
miles an hour. Phe Baltimore and Ohio 
showed one of its own engines that could 
haul a thousand tons at seventy miles an 
hour. And there were many other engines 
-oil-burning engines and powerful electric 
hn'ornotives among them. A whole centur>’ 
of locomotion ])assed in review. For it was 
just a century since Cieorge Stephenson had 
l)een talking himself hoarse to make some 
hartl-headed business men catch a glimjxsc 
of the future and put money into his strange 
new hauling machine. 
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Reading Unit 
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THE BELl'S OF STEEF. THAT HIND 
THE EARTH 


\otc: For basic information 
not found on this pa^c, consult 
the general Index, VoL 75. 


For statistic al and current jac ts, 
consult the Richards Year Book 
Index 


Interesting Facts Explained 


How va<?l networks of rails bind 
the parts of a ii:reat continent 
together. 10 185 

How Stephenson laid the first real 
railroad, 10 i8S'^6 
Why railroads were built in Eng- 
land and colonial \nierica, 10- 
188 


/he dreams of the great railroad 
builders, lo-iQO 

When rails were built of steel in- 
stead of world, io-T04-9t) 

The first Pullman car. 10 ig() 
Westinghouse invents the air 
brake. 10 106-200 


Piet tire Hunt 


What improvements have been 
made in the railroads since 
Stephenson’s “Rocket” was 
built? 10 180-90 

R elate4 

How much heiit energy is wasted 
in driving a locomotive? i- 

351 

How doe.s the law protect live 
stock as it travels to the stock- 
yards? 9-327 

How is milk shifiped to the cities? 

9 337 

What makes it possible for trains 


How do huge crowds travc»l dailv 
in Xew York (’ilv^ 10 198 
How are cars switched from one 
track to another.'* 10 187 

Material 

to go through mountains and 
uneJer rivers^ 10 203-7 
Why did Lord Strathcona have 
reason to rejoice on Xovembei 
7, 1883? 7 25-26 

What makes air brakes verv reli- 
able? I 4Qo-or 

Where can we travel in hanging 
railways? 10 199 


Practical Applications 

What comforts have been pro- t95’97 
vided by the railroads to make In what ways do the railroads 
our journeys pleasant? 10- serve us? 10-200 

Summary Statement 

The thunderous locomotive in all the marvels of our amazing 
with its train of cars has ushered Machine Age. 
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Stream-lined trains like these are the 
latest work of man’s mventive gemus 
in railway transportation The first was 
built in 1934 By 1936 a number ol 
such trains were in operation in the 
Middle West, where one of them was 
able ^0 travel at 122 miles an hour for 
three hours They are built of light- 
weight stainless steel 



The BELTS of STEEL THAT BIND the EARTH 

Like Giant Spiders We Have Spun Our Webs of Railways around 
the Globe to Hold Men and Nations Together 


AY m (^a^ out, \car in, \ car out th< 
steel rails liiim and sing ^Mth the 
hurr\ of the trains that aie forever 
sjiceding back and forth over the face ot 
the earth “Ilurrv , hur^^ ’ Spe'td speed*” 
shout the expresses as thev lla^'h 1)} with 
their passengers and loads of precious goods 
“We must make it' We must make it’ 
Steadv, steadv, stead> ’ puff the freights 
that labor along with their great cargoes ol 
wheat and bacon, of cotton and coal and 
automobiles and of thoustinds of other 
things that help to make up the life of 
civilized man in the twentieth eentur> 
live thousand miles across the great 
stretches of Siberia go the trains of the 
1 rans-Siberian Railway Up and up, along 
diz/y ledges, across dating bridges thrown 
over (leej) ravines, through tunnels blasted 
out of solid rock, climb the rails of tlie 
Peruvian Central, conquering the towering 
Andes at more than fifteen thousand feet 
above sea level The rails have won the 


battle ovei the desert of Western Australia, 
and link the cast and west coasts across the 
ihirstc milts I he eosth products of 
Central \fiua find their wa} to the waiting 
ships along t'v coast over lines laid b> men 
v\ho were heroes those workmen had to 
tight hack the crowding jungles, withstand 
tht attacks of wild beasts, and battle the 
still more terrilile onsets of tropical malaria 
But slowlv the eaith’s great wilds have been 
won Steel binds Canada from coast to 
coast \nd north and south, east and west, 
a vast network of rails has made the United 
States into one v\ ell knit nation, when 
without them we might lie more like a set 
of sepal ate states and tenitories 

It v\as fitting that George Stephenson, 
the sturdv Britisher v\ho made the first 
successful locomotive, should have been the 
engineer who laid the first real railroad In 
the earlv eighteen hundreds the plantations 
in the Southern United States began to send 
\er> much larger shipments of cotton to be 
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made into cloth in the mills at Manchester 
in England The bales ciossed the Atlantic 
in sailing ships to Liverj^ool, but then they 
had to take their time getting through the 
Duke of Bridgewater Canal or up the Inwell 

I ho»o l») Pr«<we Plic 1 1 s^r\ irt* 


This great British locomotive, a marvel of 
' safety and speed, is standing beside its 
. little old grandsire, George Stephenson's 
I famous '^Rocket" of over a century ago 
I one of the first locomotives ever made. 



and Mersey ri\crs to the mills thirty miles 
away. And the lini^hcd goods had to tind 
their way out in the same slow fashion. 
When the water\\a>s fro/e in \\ inter the 

hole How of raw and finished cotton was 
dammed up, for sending the goods by 
w'agon was very e\pensi\e At last the 
traflic got so dense that the waterways were 
glutted even when they were open. 

How the First Railroad Was Built 

That w'as Stephenson’s chance. When he 
found that a rail line was planned, he used 
all his jiowcrs of jiersuasion and at last won 
the directors over to tr\dng locomotives 
instead of horse-draw n w'agons or cars driven 
by fixed engines. 

To build the line w^as anything but child’s 
play. In thobc days there were no giant 
steam shovels to take up two tons of earth 
at a bite and dump it out of the way. No 
engineer before had ever met a problem like 
the tunnel that Stephenson had to cut 
through two miles of sandstone in order to 
carry his line under a part of Liverpool. 
There was no pattern for the viaduct he 
built to carry his road on nine arches over 
the fifty-foot span above the Duke of 
Bridgewater Canal. 


But Chat Moss gave him moie ti) think 
about than ain of those things It a 
bottomless hog How was an\one to la\ a 
railroad to cany hea\\ liattic o\cr miUs ot 
such stufT:^ While he was struggling with 
all that mud, Stephenson luaid that '^()nle- 
one had compared him to \a])oIeon 

“Don’t speak to me about Niii^olcon,’’ 
he said “Give me men, monf\, and ma- 
terials, and 1 will do what Napoleon couldn t 
dt> — drne a railroad fiom Liverpool to 
Manchester over Chat Moss!” 

He (lid it l)y sinking mattresses woven 
out of willow branches down into the bog 
and weighting them with stones until he got 
a firm foundaticm for his line. A long time 
afterwards the builders of the Canadian 
Pacilic and the 'Frans-SihcTian user! the 
same device to conquei the swamps and 
tundras in their way 

What England Thought of Railways 

There was plenty of opposition to the 
railroads when they first started. There often 
is to anything new. A leading newspaper in 
England inquired bitterly, soon after the Liv- 
erjKxd-Manchester line was opened in 18^0: 

“Does anybody mean to say that decent 
people, passengers who would use their own 
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riiiiio I.v Scienit* Miinniiii, Loixlou 

We may laugh to-day at these two queer little trains marvel of convenience and efficiency, and marked so 
that snorted their way between Liverpool and Man- great a stride in the progress of manldnd that we may 
Chester a hundred years ago. But in 1834 they were a Uiink of them as ushering in our modem age. 


carriages ar.vl ....c Jucustonied to their own 
comforts, would consent to l)e hurric<] along 
through tlic air upon a railroad, from which, 
had a lazy school- . , , .j 

hoy left a marble, 
or a wicked one a 
stone, they would 
he pitched o(T their 
I)erilous track, into 
the vallev beneath; / ' 

or IS it to be im- t^o pictures |K Aw 
agined that women, 
who may like the from one track to 
tunotbci„s«l,irW SSf'- St SttS 


well as goods were soon going by rail. In 
its first eighteen mt^nths the Liverpool and 
Manchester line carried more than half a 
million passengers. Why not, since the 
time by coach was four hours and the time 

Ihe topmost picture shows how only an hour 

it is that an * 'iron horse’* never a half? A 

stumbles off the track. That ex- . . 

tension on the inner newspaper ot the 
side of a locomotive’s remarked that 

^ wheels presses , . 

against the inner even when the 

ke^s "the "‘'f? fioing 

locomotive from at the terrific speed 

***riSto*rleft. of twenty-five miles 


of twenty-five miles 

fun of being whirled •^ddfe"' cut the ~ an hour,' ladies and 

away on a party of wheels are going ^SSSS^SS^H^Si gentlemen were sit- 

pleasure for an hour SSMeidSiV to" Se tight, lor ting m the cars and 

to see a sight, would they have no way of running on talking quite 

, 1 r’ • to the rails leadmg to the left. r'llmlvf 

endure the fatigue, But in the lower cut the switch 

and miscrv ind has been changed and the rails The inllucnce of 

and mistr>, ami left-hand track fc- 

danger, not only to have been shoved over to the tliose great speed 

f bnmcol Vfv; bill "8^** wheels, fitting down over the incr dragons soon made itself felt, 

iiicnist i\ I iMii inner side as they do, have no . ® , . , - ^ . 

1 heir children and choice but to keep ahead on the left-hand rail; As railroads increased, the cost 01 
families, of being 1' ^SJun went down, for 

dracced through running parallel to them help to hold the wheels freight rates could be made 
the air at the rate cheaper on railways than they 


of twenty miles an hour, all their lives being 
at the mercy of a tin pipe, or a copper boiler, 
or the accidental dropping of a pebble on 
the line of way?” 

But to everyone’s surprise passengers as 


lenpMsea. cheaper on railways than they 
had been by wagon. And land values went 
up. At first the owners through whose land 
the rails were laid had charged the most out- 
landish prices for the right of way; and many 
of them were quite honest in saying that a 
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railroad near them would damage their 
property. 

But they soon learned better. 

The Duke of Bedford deserves 
to have his name go down in 
history because he actually 
paid back to the purchasers 
the sum of $750,000 when 
he found that he had over- 
charged the company for 
land he had sold them, since 
the railway had after all in- 
creased the value of his 
property instead of di- 
minishing it. 

In 1847 royalty itself 
put the seal of approval 

on the new-fashioned mode c-o 

Tn fVi if ^ /.-.r 0 “ • ^ this Strange Uttle 

Oi travel. In that \car contrivance trundled along over the thir- 

Queen Victoria took a train teen mile^of track that lay between Balti- 



for goods and passengers that were all 
ready and waiting to be hauled. But 
in America the pioneer railroad builders 
had another purpose too. 
Theirs was the vision that 
prompted Edward Pease, a 
Quaker friend of Stephenson, 
to say, “Let the country 
but make the railways 
and the railways will 
make the country.” 

Our pioneers pushed 
their lines farther and 
farther out into the wilds, 
^ 1 sure that along their 
two slender rails settle- 
ments and thriving in- 
ilustries would si)ring up 
Hits i)f line strung out here 
and there were connected 
to make a larger whole 
Oraduallv the Baltimort 


^ 3 c • £ T more and £llicott*s Mills, and drew behind 

instead OI going troni J^<^n- uttle carriage to which you see it 

don to Windsor in her coach hitched- The gentlemen who are hardy 

, . . , , ,, enough to be taking the nde are the om- , . , , , , 

and sue. And gradually cials of the new Baltimore and Ohio rail- and Ohio added more and 

the prophecy came true thirteen 

, . , the vision to buy the little locomotive, i i , i,* 

which George Stephenson the first that was ever built in this country, mile Stretch between Halil 

had once made to his son It w.s aptly named Tom Thumb. more and Kllitotfs Mill!- 

Robert and another young engineer, over which the bustling little hx'oniotive, 

“Now, lads,” he had Sitid, “1 will tell you “Tom Thumb,” harl raced with a hor.se 

that I think you will live to sec when the first railway track was lost- in iS ^o the w.y 

the dav, though 1 may not live laid in the United States, from same vear in which Stephen- 
so long, when railways ^till st.n’s “Rtxket” had t,pencd the 

all other intention to use d locomotive upon Manchestcr-Liverpool line 

hirse^on rtreldmS” tter "'caJ The road frr.m Albany to Sche- 
had a sail! But finally the maim- nectadv, over which the De 

will go by railw’ay and rail- drew ule uSe Si^elow ba?k and Witt Clinton had puffed and 
roads will become the Great ‘^Snqluhed* Tom 

Highway of the King and all Thumb in the famous race. August, stretched itself 

his subjects.” t* out until there were rails the 

In England the first lines were built 
in order to give better transportation 


come to supersede 
methods of conveyance and in 
this countrv the mail coaches 


whole W'ay from Albany to New York. 



Fboto by B A O HaUway Co. 
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*1 n Europe 
nilway pas- 
sengers, by 
paying much ^ 

or little, can I 

purchase sim- v M 
pie or luxuri- 
ousaccommo- 
dations on a W 

train; for tick- m 

ets are sold 1 

for first, sec- W 

ond, or third- ^ 

class seats — ^ 

and some- ^ 

times even h ,r— 

for fourth ** 

class. The I 

majority of 
people travel 
third class, in which the 
accommodations are 
about like those in our 
ordinary day 
coaches. 

First class 
corresponds j 
a good deal f I r 11 

to our Pull- I I U i| 

man or n|l« 
**parlor car” ^ 

accommoda- 
tions. Each 

railway car- ^ * 

riageislab- 

eled to show ^ ^ 

the kind of ^ 
accommoda- v^**^*^- 
tions It con- 

uini. i*-* 


Out of these 
^ amusing little 

p railway 

^ coaches our 

I y luxurious 
modern trains 
^IP have come. 
mw At the top is a 

Wm first-class 

V# railway coach 

Nv in use in Eng- 

W lend in 1840. 

' * To ride 

in that 
I cramped 
little car- 
j riage was 

JL the most 
comfortable 
form of trav- 
e 1 then 
known. In 
the center is 
a picture of a 
second-class 
carriage that 
traveled up 
jiWHJI and down 
England in 

at the bot- 

page is a 
third-class 
English car- 
riage in use 





Many European 
railway coaches of to-day are 
divided into compartments that run clear 
across the coach, ab they do in the carriage at the 
left. There is a door at either side of each com- 

partment. 
Sometimes 
the compart- 
ments open 
into a corri- 
dor running 
along one 
side of the 
coach. 


Photo by Solenno Mumuiii. I^mlon 

To anyone who has always ridden on the heavy trains 
that thunder over American railroads, the European 
trains at first seem small, or even toylike. But the 
traveler is soon charmed by the amazing smoothness 
:f their motion and the speed they are able to make 
Dver their fine roadbeds. The small compartment, with 


its two rows of seats facing each other and running 
across the coach, has a secluded air. But the crowning 
touch comes at about four o’clock, when **tea baskets” 
are brought. One pays for a basket, consumes the 
cakes and steaming tea, and gives the basket and 
dishes to an attendant at the next station. 
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ter It was nineteen 
thousand miles 
from New York 
around Caj)e Horn 
to San Francisco; 
and to go by sea 
to Panama, then 
across the Isthmus 
by land, and up 
the coast by boat 
again, took four Before the dty of 
or five long weeks. 

The overland eled m coaches 

stage needed ‘ta* which j\ 

seventeen days to Henry Clay rode A ^ 
cover the distance 

from the Missouri River to California, 
though the “Pony Express,” with hard rid- 
ing and scarcely a pause for breath, took the 
mail through from St. Joseph, Missouri, to 
Placerville, California, in only eight Tn 
1853 surveys were made for a railroad from 
the Missouri to the Pacific, but things moved 
slowly in those days, and before anything 
could l>c done the Civil War came to inter- 
rupt all i)caceful progress. 

Yet the dream w'as not forgotten. One 
of the men to cherish it was Cornelius Van- 
derbilt of New York. With almost no 


had a road all the w'ay from 
[?w York to ('hicago. lly 
at time' Jame's J. Hill was 
irting out on his great career 
building u]) the Canadian 
icific and the (»reat Norlh- 
n; and K II. Flarriman, who 

Conestoga wagons, like the 
one below, jingled along with 
their loads of freight over the 
turnpike roadig of Maryland 
and Pennsylvania. 


became a member of the New^ ‘i'ork Stock 
Exchange at the youthful age of twenty-two, 
was working over the schemes that resulted 
in the first road from Chicago to the Pacific. 

From Coast to Coast 

On January 8, 1863 the first spadeful of 
earth was turned in the beginning of the 
long hard fight which was to fill the last gap 
in the line from coast to coast, 'fhe Central 
Pacific was to push from California over 
the Sierras and on east till it met the Union 
Pacific forces working westward from Omaha. 
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Above 18 the 
first railway tram to run 
m New York State In 1831 this little 
locomotive, the De Witt Clinton, began to haul its 
strange procession of coaches from Schenectady to 

Albany. 
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For sizty-one years 
the sturdy little locomotive above, called 
the Atlantic, hauled its loads over the 
Baltimore and Ohio When it went into 
service in 1832 it drew double-decked 
coaches like these 
















The array of carriages above looks a little like a real 
train The engine is the John Bull, imported from 
England in 1831, and the coaches are the ones it was 
at once set to hauling on the Camden and Amboy 
Railroad, now a part of the Pennsylvania system. 

Only a century bnngs us from the little snorting 
I Tom Thumb, at the top of the page, to this pow- 
erful giant at the left, with its stupendous 
" load. That first little engine weighed two 

. tons, this one may weigh 350 t*)ns, 
” K and haul a load of 15,000 tons. 

It can attain a speed of 100 
^ miles an hour. 
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Each company was eager to lay as many 
miles of the track as it could, in order to 
have the greatest possible amount of business 
along its route. And both companies were 
to have hardships in plenty. 

The Central Pacific forces had to carry 
their line up seven thousand feet over the 
mountains. There, on cliffs so steep that 
the workmen had to be suspended by 
ropes against the face of the rocks, 
twenty-five hundred feet above 
roaring torrents, they chiseled 
a roadbed out of the j 

mills, water tanks, 

and stations were 
all set up as the 
crew went along. 

derness, and spun \ J ^ 

a railroad behind \ / * { 

them. Sometimes \ h 

they had to drive 

granite. Some- Photo b> Underwoml 


i / 

// 


Pacific were pushing along from the east, 
and they had their own troubles to encounter. 
Ground had been broken at. Omaha on'De- 
cember 2, and there was level country 
across the plains for some seven hundred 
miles. The roadbed was easily made and 
the laying of the track went fast. The 
trouble was in getting supplies into that 
vast stretch of unpopulated wilder- 
ness. Kails, food, ties, lumber, 
everything tliat was needed in such 
i a vast undertaking came 

Til ^ up rivers by steamer 

from St. Louis as far as 
^ the boats could go. Then 

wagons and ferries 
passed them on to 
construction 

an Rungs. Water trains 

I had to bring water 

Jr sometimes as much 

as a hundred and 

^ en neswere sohostile 

^ * w i t h a n 


grailllC. OUIIIC- Underwoud & UndrrwooU i L u an 

times blizzards would swoop This donkey wit|i the knowing look armed guard to protect them, 

down upon them and cover may well feel that he cames a rail- and in Nebraska and Wvoming 
. , road on his shoulders, for he and ^ 

them all in snow, and then a many more of his sure-footed kind tnc trac k was laid inside a 

few thou.sand men would have patiently fetched picket line of soldiers. Graders 

when railroads were to be laia over , , , , 

to be put to work to dig things high mountains and in other inac- and track layers, lie men and 

out again. Part of the way led “SuIi\tiS?woAer™fper^^ builders .slept always 

through forests of trees whose the road that climbs the 14,000 feet under guard. The Indians 
trunks were four, live, or even tot‘‘e‘«PofKke’-P*«k.i“Color.do. 


eight feet thick, and it took three hundred 
men ten days to clean up one mile for the 
workers who laid the roadbed. Theodore P. 
Judah, called the “Railway Pathfinder,'* was 
the engineer who, after weeks si)ent in ex- 
ploring the passes, had found out the best 
wray for the line to get over the mountains. 
And Charles Crocker was the contractor who 
seemed to know just what to do to keep his 
Chinese workmen forever at the job until by 
the spring of 1868 the rails had gone east as 
far as Reno, and the worst of the difficulties 
were over. 

Meanw'hile the Irish workers on the Union 


stock and burn the cars and stations when- 
ever they got a chance. And they seldom 
let a chance pass to take a white man’s scalp! 
Frank J. North was a great hero in those 
days, for with his four companies of friendly 
Pawnees he outwitted the Sioux and Chey- 
ennes again and again, and held them off 
while the work of civilization was pushed 
forward. 

Workin’ on the U Pay Rt-ailway: 

The Irish workers were kept everlastingly 
at it by “General Jack" Casement, w^ho 
was alvays telling them how much better 


IQ 2 
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A modem Pullman tram can offer the traveler complete pnvacy. 
A “drawmg room” is like a comfortable bedroom with its own 
lavatory. It will accommodate a small family. **Bedrooms,” 
'^compartments,” and "roomettes” all offer much the same 
facilities but are less roomy. A "section,” shown above and 
at tte left, is in the open part of the coach and consists of upper 
and lower berths which in the daytime become two sofas that 
face each other. You may have a table set up m your section 
and wnte or play cards, and you may have your meals served 
there if you prefer. 
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Photo by Union Pacilio Railway 


That was man’s work — the building of the first trans- of clearing the land were great, but also that miles of 

continental railroad. It was not only that the hardships track had to be laid under fire from the Indians. 


they were than Crocker’s Chinese Tlic\ 
sang all sorts of songs as they worked, one 
with this refrain: 

‘‘Drill, my paddies, drill! 

Drill, you tarriers, drill! 

Oh, it’s wwk all day. 

No sugar in your tay — 

Workin’ on the U. Pay Ra-ailway!” 

Over the Black Hills and into the Red 
Desert went the rails. In the summer of 
1868 the Union Pacific had its share of 
mountain work when it crossed the Con- 
tinental Divide at 7,164 feet above sea level. 
Now the men knew what those Chinamen 
in the Central Pacific gangs had had to go 
through. The two forces were getting nearer 
and nearer, and it was the Irish against the 
Chinese and the Chinese against the Irish, 
neck and neck for dear life. Ca.sement’s 
track layers were putting down three miles, 
four miles, five miles in a day. Crocker’s 
Chinese laid seven miles. Casement’s Irish- 
men laid seven and a half. Then the Central 
Pacific side made a bet of $io,ocx5 that they 
would lay ten miles of track in a day. They 
did it, too, in April, 1869, when the two 
roads were just ten miles apart near Ogden, 
Utah. It was a record! 

And so, after a little more than six years, 


the (H)0 miles from Sacramento and the To8f) 
miles from Omaha ueie Imished there 
was a grand ceremony at Proinontoiy, Ctah, 
where the rails met. Crocker^ Chinese laid 
one of the last two rails, while Casement’s 
Irishmen laid the other. The last tie wms of 
native mahogany, or laurel, ancW)ound with 
silver. On a silver plate set in it w’ere en- 
graved the words, “The Last Tie on the 
Pacific Railroad, May 10 , i86q,“ follow’ed 
by the names of the railroad officers and 
directors. The spikes for the last rails were 
of gold from California and silver from 
Nevada. So the transcontinental line was 
opened, the settlement of the West was 
speeded up, the nation was knit closer to- 
gether, and the stream of traffic around half 
the world was swerv’ed in its course. 

Steel Rails and Cross Ties 

All this time many improvements were 
being made in railroading. The first tracks 
laid in the United States were of wooden 
rails covered with strap iron and fastened 
down to stone blocks. Sometimes bits of 
the iron would peel up from the wood and 
stick through the floor of the flimsy pas- 
senger cars. Soon came rails made all of 
iron, and white-oak ties. And then came 
steel rails, about 1865. They would last 





In the Sky Lounge at the top of the page 
passengers on some of the fine trains may 
take the sun and watch the scenery In 
Pullman coaches like the one shown below 
they can spend the day and go to sleep 
at night Across each pair of seats a bed 
IS made, and the passenger lies down with 
his head toward the engine Meanwhile 
a gigantic shelf has been let down from 
the side of the wall just above his head, 
and on it the upper berth has been made 
up Long curtains hang in front of each 
berth, and turn the section into two tiny 
bedrooms In European sleeping cars 
the beds are made up crosswise of the 
train Lately it has become possible for 
passengers on the finer trains to telephone 
home while the train is in motion 

II I rlwytfll* MiU * kr U 1 
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Photo by L. B. Crocker Art Gallery 


It is finished at last. The six hard years are over, and with long lines of steel. Over those tracks will flow a 
the last spike is being driven, at Promontory, Utah, in steady and constantly growing stream of western emi- 
the railroad that is to bind the Atlantic to the Pacific gration, the nsmg tide of a nation. 


about fifteen times as long a** the old ones of 
urought iron. 

Now a few years before that, George 
Pullman, a young business man of Chicago, 
had had to sjKjnd a night on the train between 
Buffalo and Westport. As he twistcil and 
turned in his wretched bunk in the so-called* 
“sleeping car,^’ he tried to think of some way 
to make night travel less of a torture. The 
result was his “Pioneer, the first “palace 
car,” which he persuaded directors of the 
Chicago and Alton to try. It was wider and 
higher than any coach then l)uilt, and was 
on eight- wheeled instead of four-wheeled 
trucks. The furnishings were very hand- 
some, for it had cost $18,000. 

The First Pullman Car 

When it was done, the directors were 
invited to insiMJCt it. They sat down in 
comfortable seats facing each other in pairs, 
and in a trice little tables were set up; 
china, linen, and silver were laid, and a 
delicious meal \vas served from a little kitchen 
at the end of the car. “Very fine,” said the 
directors, “but where can one sleep here?” 
Pullman asked them to step into the day 
coach for five or ten minutes. When they 


came back there were the berths all coni 
fortablymade upwith pillo\\s, clean linen, aiK* 
blankets, llow fortunate for many a weary 
traveler that George Pullman had that 
hard night between Buffalo and Westport' 

Westinghouse and His Air Brake 

In the old da>s, each separate c.ir had 
its own brakes. When the tiam came to a 
station, the brakemen wouhl dash from one 
car to the other and wind up the brakes l?y 
hand until, wnth many a bump and jolt, the 
train came at last to a standstill, sometimes 
in front of the station, sometimes well down 
the track. One day when George Westing- 
house, a young inventor of Schenectady, 
New York, was traveling home from Troy, 
he came to a jilace where a head-on colli.sion 
between tw^o freight trains had scattered 
goods and overturned cars over the whole 
line. One of the wrecking crew told Westing- 
house that the accident had happened in 
broad daylight and that the engineers had 
seen each other for quite a distance. But 
they had not been able to stop their trains 
in time. 

The accident set Westinghouse thinking. 
Surely there ought to be some better way 



Photo hy P«nnHi Iviuift HailronJ Co 

In this sightly dining room travelers may take their meals. The tiny kitchen is at one end of the coach. 
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^ Aese conveyances operate, one on top of another, datter, the airplanes come and go, and occasionally s 
m Ifew York City. Triws and subways on three dif- giant dirigible floats lazily along. Yet all (his welter 

ferent levels shoot their passengers throu^ tunnels * of motion is only a part of what is going on, for up 

underground to every pah of the city. Buses and and down in those vast heaps of stone shoot thousands 
trucks and other motor vehides speed through the of elevators. Some cities have surface railways too, 

crowded streets. And far above dl this hurry and and trains elevated on tressles above the streets. 



Photo by Biuh Tormiiul Co 


On these great docks freight is delivered in New York that carry them to docks like the ones shown above. 

City ready for shipment to different parts of the country There, by a marvelous system, the goods will be un- 

and different parts of the world. These are only a few loaded and carried to warehouses or reloaded again 

of the great piers that line New York harbor. When for shipment hither and thither. Thousands of men 

a freight train reaches the Hudson River on the New find employment in the transfer, and millions of dollars 

Jersey side, its various cars are loaded on ferryboats worth ot goods are handled yearly. 
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There are few corners of the globe where 
the iron horse does not go galloping over 
the countryside, but in some places he 
meets with strange adventures and has 
some queer competitors. 

The “land seppelin” at B 
carnes fifty passengers, and 
travels four miles on a 
gallon of gasohne. 


The remarkable 
contrivance at B 
/ is a German zep- 
pelin that has 
taken to wheels. It 
can attain a speed of 
143 miles an hour, 
but its average 
speed IS zo6 
miles an 
hour. 


C. A suspension road in 
Bavana. The little cars 
are swung from above. 

A 


D. In this one 
photograph, 
which comes 
from Germany, 
five different 
kinds of trans- 
portation are 
shown. / 
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Huge ferryboats take 
whole trains for a ride 
across the bay at San 
Francisco. Twenty pas- 
sengercoaches andfour 
locomotives can crowd 
upon a single boat. 


At A and D 
are two 

different views of a hanging railway 
in Germany that for many years has 
annually earned 20,000,000 
persons a distance of about 
eight miles. 
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to set those brakes! The proper way to do 
it would be to have the whole train controlled 
by some contrivance worked by the engineer. 
He was still puzzling over the problem w^hen 
he happened to read that the drills for the 
Mont Cenis tunnel in Italy were worked by 
compressed air. If compressed air, pif>ed 
three thousand feet into a moun- 
tain, could wwk the drills to make 
holes for blasting powder, why 
could not the same force be 
made to stop a train? 

The answer was the 
Westinghouse air brake, 

I>atented in 1869, when its 
inventor w'as only twenty- 
three years old. It met the | 
test. Controlled by the 
engineer in his cab, it 
stopped heav>’ trains in an 
amazingly short distance. 

No one can estimate the 
number of lives it has saved. 

Now all the railways of the 
world have their trains equii)j)ed 
with air brakes. 

The railways of the world I ^ ^ 

There are stones to tell of them man who saved 


whole span of histor}', how short is the era 
of the railroad. Yet how fast man has 
traveled up the ])ath of progress in that-' 
short time, and how much of his world he 
has conquered and i)ut to his own uses. 
The railroads played a part in giving you 
the roof over your head, the chair you are 
sitting on, the clothes you are 
wearing anrl the food you have 
eaten to-day. Certainly they 
had much to do with putting 
this book into your hands. 
Doubtless the wood pulp 
for the j)aper on which it is 
printed would to this hour 
have remained in some 
spruce forest of Canada if 
there had been no railway 
jf to fetch it out. 'I'he rail- 
J way is not only the “Cireat 
Highway of the King and 
all his subjects.” Tt is the 
very veins and arteries of the 
great world. 

So when you next board one of 
™A.,B,.uro pul' I HR. IKinting monsti-rs, 

. remember that the mightiest 


1 


PUotol»irVV«i»ngh««^AirBraUro 

« .. t. *1. remember that the mightiest 

George Westinghouse, the f 1 1 • ^ .1 

man who saved countless lives mail of old, W'ise Socrates, brnve 


all — of how' the Canadian Pacific by his invention of the air c\iesar, had not powerful i 
waslaidovorthe plains and peaks hraikt, command. A single 

of the great Dominion; of how the Trans- , train jiuts the equivalent of hundreds of ser- 
Andean, between Valparaiso and Buenos vants at your disposal. It will carry \ou to 
Aires, went over the Andes by a tunnel corners of the land that only a few might 
two and a half miles long and more than \isit a century ago. As you ride on its plush 
ten thousand feet above .sea level; of how cushions you may know that all the wealth 


Henry Flagler's road was dredged up out 
of the Florida Everglades and was .sent 
across the Florida Keys and out over the 
sea to Key West. There are stories of other 
lines that have been driven across the 
Russian steppes and the Australian desert 
,and over the Alps and into the jungle. 
Since George Stephen.son started railroading 
in England, back in the first quarter of 'the 
last century, more than half a million miles 
of railroads have been laid down. 


of kings could not purchase tlie traveler such 
comfort in the olden day. And how history 
has been changed because of these s]xjeding 
giants. What deserts have Ijeen irrigated 
and filled with prosperous farmers; what oil 
wtIIs have been opened to give tiieir wealth 
to nations seized with a manki for speed; 
what wars have been fought for the posses- 
sion of a distant corner of the earth that held 
some treasure quite unknown to men a cen- 
tury ago! Other eras will come, and swifter 


means of transportation, some of which we 
One of Our Greatest Servants already see firmly established; but it has 

It is some seven thousand years since been the thunderous locomotive with its train 
civilized man began to keep a record of his of cars that has ushered in all the marvel? 
doings on earth. And compared with this of our amazing Machine Age. 
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TRANSPORTATION 


Reading Unit 
No. 8 


BORING THROUGH MOUNTAINS 

Note: For hask injormaium For statistic aland current 

not jound on this pa Re, consult consult the Richards Year Book 
the general Index, VoL i ft. Index. 

Interesting Facts Explained 

How the famous Simplon tunnel Why the KRyptians and Romans 
was built, 10-20^ made tunnels, 10-204 

How men defeated the mountain The longest railway tunnel in the 
that made war on them, io~ United States. 10-206 
204 Tunnels built under rivers, 10- 

Things we find inside a mountain, 207 
10-204 

Things to Think About 
How is water carried under- Switzerland? 

ground? For what purposes do we need 

how weie the Holland Tubes tunnels’-^ 

built? Which is the longest tunnel in the 

How man\ tunnels are there in world'' 

Picture Hunt 

How i.s the Holland Tunnel under How was the Posey Tube built? 
the Hudson River ventilated? 10-205 

10-202 

Related Material 

How was compressed air used What part do tunnels play in ir- 
when workers were digging tun- rigation systems? 10 539-44 
nels under the Hutlson? i- Which tunnels have been built for 
460-62 the use 01 automobiles? 10- 

How does the water from the 207 

Ashokan Reservoir reach New What causes the “caisson dis- 
Vork Uity? 10-550 ease”? 1-461-62,10-522,524 

Practical Applications 

What are the two main ways of Why is our modern world honey- 
making tunnels to-day? 10- combed with tunnels? 10-204 
207 

Leisure-time Activities 

PROJECT NO. 1: Make a PROJECT NO. 2: Build a 

model of a mountain tunnel, 10- model of an underwater tunnel, 

203, 206 10-205 

Sutnniary Statement 

Our modern world is honey- that are used for all kinds of pur- 

combed with tunnels that are poses. Especially they convey 

marvels of engineering skill and aqueducts and railways under- 

ground. 
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Drawtnc rikI photOH rmirtRRv T( r Port of Ni»w York Aiiiliorit> 


From the drawing at the top of the page you can get an behind which the tunnel builders, called sandhogs, 

idea of the way a great underwater tunnel is ventilated. work. At the left, workmen arc assembling the Mield, 

Because the eihaust fumes of trucks and cars are which is shown at the right going through a rock face 

poisonous, powerful fans suck fresh air throu^ the tall ahead of the tunnel ribs. The two photographs at the 

towers down into ducts which run beneath the tunnel bottom of the page show the shallow space above the 

roadbed. When the air has circulated through the tunnel ceiling where pipes and wiring will be laid, and 

tunnel it is drawn off by exhaust fans. the empty outer shell of a tunnel before the construc- 

In the middle of the page you see the great shield tion of etcher the ceiling or the automobile roadbed. 
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riioto hy Smikn l''f<|prHl Hya 


The Aienstrasse, which skirts the lake of Lucerne in it goes burrowing into the edge of a mountain » but still 
Switzerland, is surely one of the most beautiful roads glimpsing the water between mighty pUlara of rock, 
in the world. And it is a marvel of engineering. Here The little village of Fluelen beckons from the distance. 

BORING through the MOUNTAINS 
In Many a Place It Is Easier to Tunnel through the Ground 
than to Get over It. But How Do We Get Through? 


F YOU are an^"^vllore in a lan<l 
like Switzerland you will find a moun- 
tain in >'t)ur way, and if you are going 
far you will find a hundred of them. You 
must cither go over the mountain, which is 
not always possible, or around it, wdiich is 
often quite as hard —or you must go through 
it. If you are going through it, you will 
have to dig a tunnel. 

Now it is hard enough merely to cut 
through the rock in a big mountain, but if 
that were all you had to do, the job would 
still be fairly simple. N'ou may learn some 
of tlic other troubles from the .story of the 
great Simi)lon tunnel in the Alps. 

This tunnel starts in one side of a vast 
mountain in Switzerland and comes out on 
the otlier side in Italy. It runs for over 
twelve miles mainly through the solid rock, 
and in some iilaces it has seven thousand 
feet of mountain above it. Only think of 
the weight on the roof and you will know 
what your first trouble w'ould be — to keep 
your tunnel from caving in! 

The tunnel was begun in 1898 and finished 


in 1905. The men started digging at both 
ends, and met in the middle eight years later. 
So they had to know’ exacll}' where they 
w’erc going — and a tunnel cannot always go 
straight either. 

Of course they had machines to do the 
digging — drills to cut into the rock, explosives 
to blast it away, and cars to carry it out of 
the hole. In this way they could cut in 
about thirty-five feet deeper every day, 
though a day meant twenty-four hours, 
for the w’ork never j>auscd. 

.As .soon as they had gone a little way into 
the mountain, they had to have vast quan- 
tities of fresh air pumped in for them to 
lireathe. For not only does the air get very 
stale in a deep hole in the ground, but the 
earth itself may give out gases that are 
poisonous. No one can live in a long tunnel 
unless a great deal of air is sent in from 
outside. So the farther the men cut into 
the rock, the more fresh air had to he forced 
in by the great pumps out of doors. There 
w»ere ten thousand men who ha<l to breathe 
inside. 
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On the Italian side they had not gone These arc some of the troubles in digging 
very far before they struck a soft sjiot — a great tunnel. Through them all the work 
of loose earth instead of rock. They wouhi went on, at vast exi)ense, until the Simplon" 
have loved the rock far better. Easy enough was completed and became the greatest 
to cut into soft earth, but what would keep highway through a mountain in the world. 




the hole there? , 

The earth above 
rushed down to fill 
the hole, with all 
the weight of the 
mountain to push 
it. The heaviest 
timbers that the 
men could pul up 
were crushed like 
so many matches, 
and their great 
steel beams were 

bent and twisted 

out of shape. And L ^ 

not only did the r ■^■i<i*»‘‘******^ 

roof fall in; if they I 

managed to prop I 

that the I 

jQoor I 

up by the enor- g I | 

nous pressure U S 

that came f m 

on both sides J| 

The whole moun- i&iC* ^ 

tain had gone to 

with the men ehouwbi OiuiH(4i««MuiwMinAl M.AH Ry 

uhn wprp hpnt nn Above is a model of the great Simp- 
wno were Dent on 

piercing its heart, ot the trams which roar back and 
But finally the .t after d.y. 

men W'on. With steel and concrete they lu 
managed to keep the passage open, on into su 
the rock beyond. 



Now men had long 
been <llgging tunnels 
before they learned 
how to cut a great 
one like the Simplon 
'I'he first man who 
e\er hollowed out a 
cave to sleep in was 
beginning the first of 
all tunnels. Hy the 
time of the 
K g y p t i <i n 
builders 
certain 
d e e D 


Things We Find inside a Mountain 

But then they struck a vast spring of 
icy water. It was like a little river llowdng 
in to fill up the tunnel — at more than ten 
thousand gallons every minute. So all 
work had to stop for some six months, until 
enough pumps had been installed to take 
care of the river. 

Farther on it grew very warm inside the 
mountain. The rock was hot and jets of 
steaming water would spurt out of it. So 
here a stream of cold water had to be pumped 
in to spray the rock. 


tunnels 

HRl ‘ - 

to bur\ 
t h 

<kings; and 

engineers some 
e long tunnels were con- 

i ^ structed, largely to 

carry water But of course the modern 
tunnel, dug wdth machines and d>namite, far 
surpasses anything from ancient limes. 

We need tunnels for many things that 
are done better under the ground than on 
the surface — for getting through great hills 
and mountains, for going under rivers, for 
bringing w'ater to our towns, for running 
subways and sewers and electric wires 
through our cities, and above all for building 
railroads in all hilly countries. Our modern 
w'orld is honeycombed with tunnels for all 
these and other purposes, and they are often 
remarkable works of science. 

Thus in Switzerland there arc many other 
tunnels besides the great Simplon. There is 
the St Gotthard (siN g6'tar'), over nine 
miles long; and the Loetschberg (Ifitsh'berg), 
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Above is s cross section of the Posey Tube under the Inner Har- 
bor of San Francisco, between the cities of Alameda and Oak- 
land. The tube was named after its chief engineer, and well he 
deserved the honor for the boldness and skill of his planning 
and direction. 




■"s'siss^eiiyi- 




Above is one end of a seg- 
ment, or section, of the 
Posey Tube; it is made 
of reinforced concrete. 


The Posey Tube was not a 
tunnel at all while it was 
being built. The enormous 
segments of tube were cast 
on shore and then towed 
out by tugboats, as is i 
shown at the right. J 
Meanwhile a great m 
trench had been g 
dredged out, into which m: 
each section was neatly # 
fitted, as above. m 
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242 miles from the Colorado to cities in 
southern California. The West Cat'^kill 
Aqueduct, bringing water from the Delaware 
River to New York City, has a tunnel 85 
miles long — the longest in the world. 

New York has needed many tunnels under 
the rivers that surround the island. The 
subways go under the East River to Jkook- 
lyn, under the Harlem to the Bronx, and 
under the Hudson to New Jersey. The 
Pennsylvania Railroad tomes under the 
Hudson from the south, and the trains may 
go on cast under Long Island Sound. And 
through the Hollcind and Lincoln tubes thou- 
sands of motors cross beneath the Hudson 
daily. There are similar tunnels in other 
cities and in other lands- like the Posey 
tunnel for motor cars in California, in which 
the air is changed about forty times every 
hour, and the great tunnel under the Severn 
River near Bristol in England 
As there are many kinds of tunnels, there 
arc many \^a>^ 01 making them One is 
with drills and d>namite. as we have said. 
But what g<K)d are drills and (hnannte in 
the mud beneath a river'' How can we make 
a tunnel through mud and water that will 
till it up again .is last as we can dig it 
There are tw'o main wa>b. One is to fill 


the tunnel as we go with compressed air. 
The pressure of such air will keep the mud 
and water from running into the hole we 
are making, and will let us dig ahead. The 
other is to run a great shield of steel into the 
ground - a big steel box as large as the 
tunnel we are digging It holds up the mud 
and keeps out the w^ater, and as fast as we 
(an go it IS pushed on through them. Then 
the firm tunnel of steel and concrete follows 
in its path. 

Yet there is still another way of making 
a roadbed under water, as used m the Posev 
tunnel The whole tunnel is built, in sc^c- 
tion^, (3n the land Then a great trench is 
dug in the dirt at the bottom of the riv^er, 
and the frames of steel, filled with concrete, 
arc sunk into the trench and joined together 
to form the roadw^ay through. A good many 
tunnels have been built in this w'ay. 

But howTV'er we do it, whether through 
the rock or through the mud, we need a 
great deal of skill and a great deal of mcmey 
to carve out a tunnel through old Mother 
Earth Every tunnel has its own peculiar 
puzzles for the engineer, and it does not 
ahvavs tell him when and where they are 
coming That is w'hy the building of a great 
tunnel is an engineering feat 


The streamlined '*City of Los 
AnRelea” is just emerRing from 
the Altamont Tunnel in Wy- 
oming It was the first train to 
pass through this 6,706-foot 
bore, which was completed 
late in 1949. After a visit to 
the spot it IS not hard to 
understand the reason for 
building the road through the 
mountain rather than over it. 



rii iiu ii> 1 iiiiMi Pit. kill U111ir.m1i 
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TRANSPORTATION 


Reading Unit 
No. 9 


HOW WE SPAN THE FLOODS AND 
CHASMS 

Xote: For haste information For statist u aland current facts ^ 

not found on this page, consult consult the Richards Year Book 
the general Index, VoL /j. Index. 

Interesting Facts Explained 

Why bridge owners charged a Where the Romans built stone 
heavy toll in olden times, lo- arched bridges. 10-212 
209 The order of Bridge-building 

How commanders sent their Friars, 10-213 
armies over makeshift bridges, ('antilever bridges, 10-214 
10 210 Marvelous suspension bridges, 

What a cofferdam is, 10-212 10-214 

Things to Think About 

Why were great cities built near What sure way do we have of 
the bridges? judging how civili/ed a people 

How are the stone foundations has become? 

for bridges placed in position What different types of bridges 
in river beds? do we have in the world lo-dav? 

Picture Hunt 

What kinds of bridges do we find land? 10 209 

in backward lands and in out- Why were bridges covered in 

of-the-way parts of our own early colonial days? 10-212 

Related Material 

What kind of bridges stretch How do we make iron into steel? 
across the rivers in the Congo 9-401, 403-8 
jungle? 5-467 What happens to the wire in the 

How does Nature make bridges? George Washington Bridge in 
^“S3» 96 winter and in summer? 1-478 

How is compressed air used in the When did the fron Age begin? 9- 
building of bridges? 1-462 399, 12-2, 6, 8 

Summary Statement 

The old Romans built arched many a train pas.ses over them in 
stone bridges over rivers and order to cross mighty mountain 
deep, dry valleys; many a mod- ranges. But to-day we build our 
ern highway crosses deep valleys viaducts of steel rather than of 
and rivers over such viaducts, and stone. 
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Photo by Driitm hen Mnrauui 

Before steel bridges came bridges of wood and stone, only in more backward lands but in out-of-the-way 
and before them came primitive bridges such as this parts of such lands as our own, these swaying bridges 
hanging bridge In the East Indies. Even now, not of grass rope or cable span many a chasm or stream. 

HOW WE SPAN the FLOODS and CHASMS 

Beginning with Some Tree or Grapevine Thrown across a Little 
Stream, Man Has Learned How to Leap the Mighty Rivers 
with Graceful Arches of Suspended Steel 


E HAVE grown used to bridges — so 
used to them that wt hardly notice 
when our train thunders over one. 
It seems the most natural thing in the w^orld. 
but it was not alwa>s so. Many were the 
hurried travelers who in icy weather stood on 
the river’s brim and shuddered before they 
could get up courage to jdunge into the swift 
current; and many w’ere the horses and riders 
who were lost when a weary creature tried 
to make the opposite shore with his rider on 
top of him. 

Of course rivers crossing the main roads 
had little rowboats in which a ferryman — 
almost inevitably on the opix)sitc shore — 
would ferry one across for a fee. But one 
had to wait if the ferryman was aw^ay from 
home or busy eating his dinner, and many a 
traveler, pressed for time, must have longed 
for a pair of seven-league boots to speed 
himself over a stream. 


Tt is not strange, therefore, that in the 
olden days the city or nobleman owning a 
bridge charged a good round toll to anyone 
crossing it, and barred the approach with a 
gate. And it is not strange, either, that some 
bitter battles have been fought for the pos- 
session of various bridges. We all know the 
story of the brave Horatius. There have 
been many other warriors who played much 
the same role. For history tells us that kings 
and queens have been captured, cities lost 
and w’on, and even the fate of nations decided 
by what took place on a famous day at this 
or that famous bridgehead. 

The first bridge must surely have been a 
tree that had fallen across a stream. Almost 
anyone who has camped out in the w'oods 
has ventured across a bridge like that. The 
second kind of bridge probably came wrhen 
someone cut dowm a tree and threw it over 
a brook. And then came some sort of hang- 
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One of the finest of the old Roman aqueducts still tiers of arches, arranged in beautiful proportion. The 
standing is the Pont du Card (pON dii gdr) at Nimes waterway was on top of the highest tier. This bridge 
(n«m), in Southern France. It has, as we see, three is thought to have been built about i8 A.D. 


ing bridge, such as savages and mountaineers 
still make. They stretch long ropes of hemp 
or grass or vines acro.ss a stream, and then 
fasten either a rope ladder beneath them or 
wooden slats across them, to make the pas- 
sageway. And a swinging, perilous crossing 
it is, you may be sure! 

But you could not drive a motor car across 
a bridge like that, or even ride a horse over 
it. Civilized people must have strong, last- 
ing bridges, which will stand constant traffic 
and heavy loads. As a matter of fact, there 
is no surer way of judging how civilized a 
j>eople has become than by looking at its 
bridges. 

Makeshift Bridges 

Of course, as the business of mankind goes 
on, we often have to put up temporary 
bridges, such as the pontoon bridges that 
rest on boats anchored in the stream. Those 
were made very early in history, and have 
helped to move the armies of many a great 
commander, for they are quickly built. Then 
there is the trestle, that open crisscross of 


timbers that is often thrown across a valley 
when work is under construction. But it is 
the permanent bridges that we are interested 
^ in here. 

Building a Modern Bridge 

It is not so very hard to build a strong 
bridge over a little stream. Piles, like stout 
pillars, have to be driven into the ground 
on each side, or else a stone or dirt abutment 
has to be built for a support; then timbers 
are laid across the stream between the abut- 
ments. The distance from one pier or abut- 
ment to another is called a span, and a span 
of ten or twelve feet is easy to construct. 
But when the builder comes to a wide stream 
with a channel of flowing water in the center, 
he has a much harder task. He must place 
some sort of foundation out in the river to 
rest his bridge upon, either because the tim- 
bers will not reach across the stream or 
because they will break under the weight of 
traffic if they are not supported in the middle. 
The oldest bridges all had a short span and 
very wide piers, but as the builders grew 
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Above (k) IS a fine American railroad bridge in Penn- 
sylvania. Below ( C I is a modern Euro- 
pean bridge- the one across the river 
Memel at Tilsit. Its stone 
towers look almost 
like me- 
dieval 
castles. 




m 








ed arch is as pictur- 
esque as most of its surroundings 
in the countryside of Ireland. 




D. This bridge at Zanesville, Ohio, is built m the 
form of a letter Y so that it can lead to three 

places at once. 

E. Here is one end of a big jackknife bridge, the 
St. Charles Air Line Bridge at Chicago. The huge 
hopper at the left of the picture is full of weights. 
When the bridge is released at the other end the 
weights lift it into the air; then a ship can pass 
beneath. F. This is the cantilever bridge over 
the Firth of Forth in Scotland, one of / ^ 

the longest in the world. 


Rip 


m 
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Photo by O W. R TUilway 
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One of the greatest triumphs of modem engineering of the enormous cost of building this bridge, everyone 

18 the George Washington Bridge over the Hudson at has to pay toll for the pnvilege of crossing it— -but it 

New York City In length of span it is second only to is worth it, if only for the beauty of the steel strucmre 

the Golden Gate Bridge in San Francisco Besides and the magmflcent view up and down the river. Our 

the walks for pedestrians, there are eight lanes for picture shows the bridge just before it was completed 

vehicles and space for four pairs of tracks Because and opened in 1932. 

Ages the people of 1 uroj)e p«isse(l in proces- building 1 riai**, ^^ho made it their great work 

Sion back and forth across their bridges to build bridges and keep them m good con- 

"^Ihcy had to build them thick and stiong, dition Historians sa} that one can tell the 
for there were no great central governments age of a ruined bridge b\ looking to see how 
to see that they were kept in repair. Often stout and thick it is; for as time went on 

a stout bridge would crumble away, pier by and Europe became more orderly, it was not 

pier, with no one to rescue it, for the labor necessary to build as though no repairs W’ere 

of building a stone bridge is very small in ever likcl) to be made, 

comparison with the labor of keeping it up Great cities arose near the bridges. At 
while century after century nibbles away at the point where London Bridge sprawled 
it with heat and frost ard rain and wind, across the Thames, traders had to stop, for 

At one time there was an order of Bridge- the> could not get past it to go farther up 
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the river. So both roads and ships came to 
the city, and the gicat bridge was the center 
of a bustling trade. Tower fortresses stood 
at each end of it, and its wliole length was 
lined with busy shops, whose rental helped 
to pay for repairs. Across it and around it 
and under it swirled the life of the city. 
This famous old bridge long ago gave wa}" 
to a more modern structure, but you may 
still see a few city bridges lined with shops, 
like the Rialto at Venice, for instance, per- 
haps as famous as London Bridge itself; for 
in the great days of Venice it was the “stock 
exchange^’ of the city and one of the greatest 
financial centers in the world. 

Bridges Built of Steel 

It was not until our own Age of Steel that 
men learned to build really modern bridges, 
or any ^^ort of bridge that would not inter- 
fere more or less with commerce on the river 
below. In the year 1823 was built the first 
steel bridge. Since then bridge building has 
grown into one of the marvels of the modern 
world. Highways leap across yawning 
chasms, bridges tilt or twi^^t or whirl to let 
1^'e boats go through, and some of our 
mightiest rivers are spamied with delicate 
curves of steel. 

When the bridges arc fairly small and low, 
the engineers have many cunning ways to 
let the boats get past them. There are ele- 
vator bridges, w’hich climb straight up into 
the air like any other elevator, supported by 
a strong steel tower at either end. 1 here aic 
revolving bridges, which turn on a [)ier at 
the center as on a pivot. There are “bascule’^ 
bridges that break oj)en at the middle and 
let each half swing back and up out of the 
way, and others, called “jackknife bridges,’’ 


which lift from one end, like a knife blade. 
There arc still others that are built high 
above the water and carry their passengers 
and freight in a great car swung beneath 
them on strong cables — a sort of aerial ferry. 

Arched bridges arc now often made of 
steel. The largest one in the w'orld, in 
Sydney, Australia, has a sjxan of 1,650 feet. 
Even longer spans may be made with I he 
cantilever (kcln'lMe'ver) bridge, in which 
the steel reaches out on each side of a pier 
until it meets the steel from the ne\( pier. 
The largest bridge of this type is in Quebec; 
its span is 1,800 feet. But most small steel 
bridges are truss bridges, in which the si)an 
is supported by long, straight pieces of steel 
riveted together in trusses, or .sections of 
rigid frame w'ork. 

Most marvelous of all are the susjnmsion 
bridges. To build a susjH'iision l)ri<lge tlu‘ 
engineers string ('nornums ^teel cables from 
low'crs on each bank of the ri\'(*r, and then 
hang the bridge itself from those roj)es of 
steel. Many of these great bridges are not 
only incredibly strong but as beautiful as 
any bridges in the wa)rld. Their clean, strong 
lines sweep in the loveliest of curves, and 
their cables and girders make geometric de- 
signs that arc the delight of artists and all 
lovers of beauty. Americans used to boast 
(jf the .skillful engineering and the simple 
beauty of Brooklyn Bridge, but now’ a much 
greater wonder has bc'en built on the other 
side of tile continent. This is the (lolden 
(iate Bridge across the famous (iolden (late 
in the harbor at .San Francisco. Jt cost 
S35,cxx5,ocx> and has a span of 4,200 feet, 
much longer than that of any other bridge in 
the w^orld. It is one of the beauties of the 
great harbor whose entrance it spans. 



Silhouetted ageinst the evening sky, Brooklyn Bridge ia like the apreading web of a giant spider. 
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TRANSPORTATION 


Reading Unit 
No. 10 


WHEN STEAM TOOK OVER THE 
WIND’S WORK 


Note: For basic information 
not found on this page, consult 
the general Index, Vol, 15. 


For statistic al and current facts, 
consult the Richards Year Book 
Index. 


Interesting Facts Explained 


“Fulton’s Folly,” 10-217-18 

How many steambojits had been 
launched before the “(Ver- 
mont,” 10 218 

Where Fulttm ^ot the eimine for 
his boat, 10 221 

When steam coiKiuered the At- 
lantic, 10-222 

Picture 

Whiit did the early steamlioats 
look like.'' 10 218-19 


The cominj^ of the modern liners, 
10-222-23 

When twin strews were first used, 
10 22^ 

How modern liners vie with one 
another, 10 223-24 

Where the bi^ ships ply, 10-224 

Hunt 

What ha.s revolutionized the 
steamship? 10 222 


Related Material 


What has enabled mariners to .sail 
their boats anywhere they want 
to ^o on the ocean.'' 10-454- 

57 

What are the I'reat advantaj'es of 
the gyrocompass? i 291.10- 
457 

How does the radio help ships to 
find out exactly where they 
are? 10 121 

What work do steam turbines do? 

Leisure^titne 

PROJECT NO. i: Make a 
model of P'ulton’s “Clermont,'’ 
10-218 

Summary 

The coming of the modern 
steamship has meant that in less 
than a century the earth has 
shrunk in size until the farthest 


I 506-8 

Why were the Mississippi steam- 
boats “so ugly that they were 
beautiful”? 7-214-15, 218, 

247 

How are steamships navigated? 
10 299-300, 304 

How is fi'od kept fresh on long 
ocean voyages? 10 518 
How do sailors know when to pre- 
pare for storms? 1-278 

A ctivities 

I^ROJECT NO. 2: Find pic- 
tures of the half-dozen largest 
liners in the world 

Statement 

isle in the South Seas is nearer 
home for us than plenty of cities 
in our own land were two or three 
generations ago. 
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Photo by I)e Witt Ward 

Before the days of the steamboat, the Battery in New 
York City muat have looked a good deal like this. The 
artiet, Ezra Winter, haa shown ua the graceful sailing 
vessels, built strong and tall and swift for the stormy 
trio around the Horn to China. It took the steamers 
a long time to drive these ships from the sea. Indeed 


the first true ‘‘clipper ship*’ was not built until 1832; 
and it was the clippers, not the steamers, that made 
American shipping famous in the middle of the nine- 
teenth century. Many an old sailor remembers how 
he sailed before the mast; and even to-day these great 
white wings are sweeping across the ocean. 
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THE STEAMBOAT 


What a difference between the '*Queen 
Mary/’ ahown here, and the tiny viking 
sailboats which, so far as we know, were the 
first craft to cross the Atlantic. This beauti- 
ful ship, which was launched in 1936, has 
made the voyage in only 3 days, 23 hours, 
and 57 minutes. She has a gross tonnage of 
80,773 tons, is 1,004 toet long, and can de- 
velop 200,000 horse power. 





WHEN STEAM TOOK OVER the WIND’S WORK 

For Thousands of Years We Had Nothing but Muscle to Pull 
Our Carts and Nothing but Winds to Blow Our Sail- 
boats. Only a Century Ago We Put Steam 
behind Both; and Look at What 
Happened! 


N A CERTAIN August morning in the 
year 1S07, the waterfront aiound the 
old State Prison in the bustling little 
city of New Voik was thronged with a 
curious crowd. 'Fhose who could not get 
into the ranks lining the Hudson had climbed 
on top of boxes and wagons or were leaning 
from second-story windows, craning their 
necks for a view' of the wharf. A few days 
before, the ‘‘American Citizen” had an- 
nounced that “Mr. Fulton’s ingenious steam- 
boat” would sail that day for Albany. The 
ncwspaiRir went on to .sjiy that going with 
the current the steamboat was said to be 
able to make four miles an hour, or about 
the rate at which a fast walker can travel. 
Now all eyes were turned upon the strange 


craft with its big paddle wheels at the sides, 
its engine amidships, and its sails fore and 
aft- for it still had sails. 

Moving about the boat was a tall, hand- 
some man of forty- two, his dark eyes intent, 
the brown cuils on his forehead damp with 
I>erspiration and excitement. It was Robert 
Fulton, who had come to the most imjxirtant 
moment of his life But he was \ery quiet, 
and api>eared not to notice the plainly 
audible remarks of the crowd concerning 
“Fulton’s Folly.” 

He gave the signal to start. The boat did 
not move. Ihe crowd broke into loml jeers. 
But Fulton kept steadily working until the 
trouble w*as remedied. At last, at one 
o’clock, the boiler began to hiss, the hawser 

17 





was drawn in, ihc side wheels began to evening, for a party of friends of Fulton 

quiver, and then slowly to levolve. A hush ami Livingston were making the trip on the 

fell upon the throng In silent amazement steamboat. Among the guests was hand- 

the onlookers watched “Fultem’s Foll>’* some Harriet Livingston, a niece of Robert 

move out into the stream. The engine LKdngston. Her engagement to Fulton had 

belched great clouds of black smoke, steam been announced soon after the steamer had 



When Robert Fulton’s first little steamboat, the • about to make good her boast and confound the 

“Clermont,” started up the Hudson from New York scoffers. Fulton had a monopoly of steam transport 

that August day in xSoy, bound for Albany, people tation on the waters around New York, so other 

laughed and called her “Fulton’s Folly.” But here experimenters had to go to other nvers or build up 

she IS steammg past the Pabsades in perfect tnm, Imes along the coast. Thus the use of steamers spread. 


hissed from the joints, and the crude ma- 
chiner>' groaned aloud. Bui the boat 
started up the river. 

The Triumph of the “Clermont” 

So began the first voyage of the famous 
“Clermont ” She made the trip to Albany, 
a hundred and fifty miles away, in thirty- 
two hours of .sailing time. On the return 
voyage she reached New York in thirty 
hours. Both ways she had gone in the face 
of a head wind, so that her sails had not 
been used. On the first night she tied up 
at Clermont, the beautiful estate of Robert 
Livingston, a wealthy and influential gentle- 
man who was backing Fulton on his venture. 
There were great doings at Clermont that 


made its triumphant dci)arlure from New 
York 

Much has been made* of this first vo)age 
of the “Clermont” and of its good record 
afterwards when it went into regular service 
betw^een Albany and New York. It is true 
that it was the first steamboat to make a 
profit for its owners, but it was not by any 
means the first to be invented and launched 
Indeed it was the sixteenth steamboat to 
run in American waters, and others had been 
built and launched both in France and 
England. 

The Very First Steamboats 

The Romans had understood the principle 
of propelling boats by means of paddle 
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They look very funny to us to-day, those first efforts that John Fitch nyged up in 1788. It was propelled by 

to build a steamboat. In the upper left-hand corner steam-driven paddles. At the left center is the tow- 

ia the one built in 1706 by Jonathan Hull, an English- boat buUt by Symington for Lord Dundas in 1803; and 

man. To the right of it ia what many people regard as at the right center ia the “Comet,” built by Hemy 

the world'a first workable steamboat--the little affau* Bell in 1812. Below them is a modem river boat 
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wheels and had employed sla\'es to do the 
turning. Almost as soon as it was discovered 
that steam would make factory wheels go 
round, men began working to find some way 
of making it propel paddle wheels on boats. 
In 1736 Jonathan Hull of England took out 
a patent for a i)addle boat worked by steam. 
It was to be employed for towing canal 
barges, and “not to be used in storm or when 
the waves are very rough.’’ Fifty years 
later, James Kumscy 
launched on the Poto- 
mac River a boat which 
w^as operated by steam A 

and made four miles an , 
hou**. He died before 
his invention was pat- 
ented; and, anyway, our ^ 
country was then too 
busy trj’ing to build it- 
self into a nation to pay ' * ^ 

verv much attention to “ 


terested in the collection of ship models 
made by a Mr. William Henry of Chester 
County, who had spent many a year trying 
to make a workable steamboat. 

Fulton Turns to Art 

At the age of twenty- two, I’ulton, who 
was also gifted as a painter, went to England 
to stud}" under Benjamin We 4 , the great 
artist. He painted some very good jiortrails, 
but it w;is not long be- 
fore the inventive side 

^ ^ 

IjL ^ artistic. He gave u|> 

tl" painting and went to 

I'rance to make exiieri- 
ments with tor2)edoes 
bfifljllUHm and steam])oats. He 

tried unsiicce.-.sfully to 
interest the French gov- 
ernment in his torpe- 
* docs, which would have 

proved most helj)ful in 
iturai History tlic W’af Francc w’as 


builders of steamboats. proved most helj)ful in 

Working with Rum- Photo b> Amancan Muwum of Vdtural History tllC W’Ur FranCC W’aS 

sey was John Fitch, Flatboats like this one carried nearly all the trade then W'aging with Eng- 
Vii’rrt down the Mississippi until the steamers came, and 1 1 

who soon left him to try disappear for two genera- 

s< me ideas of his own. tiona. Lincoln in his youth operated one of these 1 *' vervw here at this 

c j. • ^ 1 stubborn little boats. .• .1' 

Alter 3"ears of trial and tinic thiTe w*as a great 

error, Fitch succeeded in getting a steamboat interest in the idea of the steamboat. In 


on the Delaware River to make seven miles 
an hour. But by the time his patent was 
granted his money had all run out. He 
went to England and to France, trying to 
get wealthy men interested in his invention, 
but to no avail. “The <lay will come,” he 
cried in his despair, “when some powerful 
man will get fame and riches from my in- 
vention; but no one wall believe that ])oor 
John Fitch can do anything worthy of 
attention.” Fitch died in jHiverty and dis- 
couragement only a short time before 


Scotland, Fulton .saw' Symington’s “Char- 
lotte Diindas” steaming along the Firth aiifl 
Clyde Canal w'ith l)arges in low". He cor- 
responded, too, with Henry B(‘ll of dlasgow', 
who tried without success to ged the British 
government to back hi', venturer in steam 
navigation. Lord Xel.son, the famous ad- 
miral, w'as himself in favor of Bell’s ideas, 
and said to the stubborn heads of the 
British Admiralty, “My lords and gentle- 
men, if you do not adopt ilr. Bell's scheme, 
s<)mc other nations wdll, and in the end ve'i 


Fulton’s trium])h. 

A Bom Inventor 

From his earliest boyhood on the Cone- 
stoga River in Lancaster County, Pennsyl- 
vania, Robert Fulton had shown an in- 
ventive turn of mind and a natural liking 
for machinery of all sorts. His parents were 
so poor that he could get little or no school- 
ing, so he was apprenticed to a watchmaker. 
He learned the trade, but he was more in- 


every vein of this empire.” By 1802 Bell 
had a little steamer, the “Comet,” in regular 
service between Glasgow, Greenock, and 
Helensburgh, where his wife had bought a 
flourishing seaside hotel. That was the 
beginning of the great shipbuilding industry 
on the Clyde. 

In France Fulton saw some of John 
Fitch’r plans, which the unfortunate inventor 
had left with an American consul. Best of 
all, in loanee he met Robert R. Livingston^ 
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1 1 c to I > Mir iin < f ^ u uci. 4k In hi»tr> N ■\ C 


This IS the S S. Savannah/’ the first ship to use steam 
in crossing the Atlantic. To tell the tru^, she looks a 
good deal more like a sailing vessel than like a modem 
steamer, and we need not be surprised that she used 


her sails for all but eighty hours of the tnp. After 
taking on much-needed coal at Liverpool, she went on 
into the Baltic, where she made a great stir with her 
odd adventure. Of course she was only a cunosityl 


ho, as United Slates minister, ^^as intrusted 
with Handling tlie jmrehase of the great 
Louisiana J'erntory. Now it liapiiened that 
LiMiigston, wealthy, piomincnt, and an in- 
IliKnlial statesman, was immensth inter- 
ested m steMin naMgalion He and J ultem 
jnit th<‘ir heads togethir, and bedore long 
Inilton was baek m 1 ngland to eirder freim 
the famous engine works of Boulton and 
Watt an engine for the lioat he jilanned to 
laimeh in AmcTica Ihis was the “Cler- 
mont, the hrst of the suece'ssful steambeiats 
run by I niton an<l Li\ ingston on the lludsem 
and em other ri\eis in New York, as well as 
on the Ohio. 1 hey started, te)o, steam ferries 
from New York to Jersey City and to Brcxik- 
lyn. The ferries couhl carry four hundred 
passengers and thirty carriages at a time. 

Jn 1812 when England and the United 
States were at war — fighting all their naval 
engagements with sailing ships, of course — 


I ulton planned a big steam battleship for 
his government's use But before she could 
be linished he died, and she ne\er went into 
service. 

“A Fearsome Wild Fowl’* 

Just as the suicess of aiqdanes soon 
brought up the question as to whether they 
could tly across the wean, so the invention 
of steamboats for rivers soon set men won- 
dering about crossing the Atlantic with 
steam instead of sails. There were plent> 
of people to declare the notion ridiculous 
“You might as well talk of going from New 
York to the moon by steamship as to talk 
of going from New' York to Liverjiool that 
way,’* they jeered. “Clearly such a thing 
would be flying in the face of Providence,” 
said many of the devout. “Did not God 
send winds to hold back or to further sails? 
Would you go against his plans?’’ Besides, 
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steamboats were so ilangcrousi A Quaker 
by the name of John Q. Wilson wrote in 
his diary that when he told a friend he 
meant to go from Xew York to Albany in 
one of Fiiltoirs boats, his friend exclaimed, 
“John, will thee risk thy life in such a con- 
cern? I tell thee she is the most fearsome 
wild fowl living, and thy father ought to 
restrain thee/' And a skipj)er on a Clyde 
sailing bait said to his crew, on Mghting 
Bell's “Comet/’ “Kiu'cl down and thank 
God that ye sail with His ain i\in’ and not 


between Quebec and Halifax, but a trade 
depression and an epidemic of cholera spoiled 
her chances for success there, and so her 
owners decideil to send her across to be sold 
in London. In 18^3 she made the crossing 
from Quebec in seventeen days, burning 
330 tons of c*)al to keep up her iSo horse- 
power. She sold for 50,000 and ended her 
days in the Spanish na\ y. 

The Birth of a Great Ship Company 
One of the owmers of the “Ko\al William" 


with the devil's lire and brim- 
stone, like that sputtery ^ 
thing there I" 

Such notions, how- 
ever, cannot stoji an 
idea whose time has 
come. The first little 1 

pennant of smoke that 
ever streamed out over 
the Atlantic came from 
the smokestack of the 
“Savannah." On !\Iay 
24. 181Q, Captain Moses old- 

Rogers took her out of style paddle ‘‘ 
I % • wheel, and to 

Savannah, Georgia, the right the 

bound for Liverpool. He screw 

intended to make the That simple little 

whole trip by steam if he 

„ , * r , necessary to send a 


with the devil's lire and brim- was Samuel ('uiiard, born of a Quaker 

family that h^al moved from Phila- 
dclphia to Quebec after the Ameii- 
can Revolution. When he was 
only twent\ -seven, (hinard un- 
dertook a British mail servi(e 
between Boston, Newfoundland, 
and Bermuda. Hi*^ dearest dn‘am 
was a transatlantic steamship 
ser\ ice. Tw cut y \ ears 
after the “Savannah’s" 
staggering eiTort, Ca- 
nard went to Kngland 
and got R()])(‘rL Xaj>iei, 
the gieat shij)j)ing en- 
gineer of th(‘ ( hde, and 

intended to make the That sim'ple little I)a\id MlIwv and 

whole trip by steam if he gr..t ship through George Hums, lu'o inlluential 

po.ssibly could. An entry the water. It has revolutionized the shipping men, interestetl in his 
in the ship’s log shows steamship. sclieme. 

w'hy he could not. It Siiys, “Xo cole to git These four started the famous Cunard 







up steam.” The little shi]) simply could not 
carry along enough fat pine knots to stoke 
her engine for all those miles. The trij) took 
twenty-nine da>s, and the sails were used 
even while the coal lasted. They were set 
for all but eighty hours of the trip. 

When Steam Conquered the Atlantic 

Not the “Savannah,” but a little Dutcli 
ship built in Dover and called the “Curasao" 
deserves the credit for being the first steam- 
ship to navigate the Atlantic. Beginning in 
1827, she made mail trijis for a year or two 
between Holland and the Dutch West Indies, 
traveling under steam. To the “Royal 
William,” built in (Juebec in 1831, goes the 
credit of making the crossing under her own 
power from continental North America to 
England. She had been intended for service 


These four .started the famous Cunard 
Line, which had a contract to carry the 
transiitlantic mails for the British govrrn- 
ment. They built four shijis on the ('lyde, 
and the first, the “Britannia,’’ sailed from 
Liverj>ool to Boston, July 4, icS^o. She was 
a w^oalen, parldle wheel steamer of 1,154 
tons, 207 feet long, with 400-hor.sepowTr 
engines that ate up 38 tons of coal a day. 
Ffer si)ee(l averaged about eight miles an 
hour. When she arrived in Boston fourteen 
days and four hours later, she received a 
royal welcome. Cunard w^as on board and 
worried all the way across about lier con- 
sumption of coal. Well he might, for it was 
at the rate of more than four ])ounds an 
hour for each horsepower developed. To-day 
a great liner like those that regularly cross the 
Atlantic burns a little more than half a 
pound of oil an hour per hcirsepower to send 
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her 50,000 tons over the sea at thirty-two 
miles an hour. 

^ After this the captains of the sailing 
packets of the Black Ball Line, leaving New 
York for Liverpool regularly twice a month, 
had to stop laughing at the “smutty pots’’ 
belching smoke and lumbering over the 
water. Kven the famous cli|)per sailing 
ships faded from the seas in the i^so’s, after 
Donald iMcKay’s beautiful clipper, “Sov- 
ereign of the Seas,” raced the (^unarder 
“C'anada” from New York to Llver|)ool and 
lost by two days, though she averaged better 
than twelve miles an hour all the way from 
the Grand Banks to Ga])e (dear. 

When Wood Gave Way to Iron 

Like all their com])etitors, the early Cu- 
narders were all wooden ships with jxiddle 
wheels. But while wood was lighter an^l in 
somt* ways suj)eri(»r to metal for shi])l)uilding, 
experience ])n)\ed that iron shi])s would last 
longer, more and more sljips 

w'ere built of iron, whidi gave way to steel 
tow'ard the latter part of the la^t (cntiiry. 
As for j)addle w laris, they were all light for 
(juiet lake and river IralVic, but they were 
])oor at lighting a wav throutrh the rolling 
waves, whkh sometimes sent one wheel 
clear out of the water wdiilc the other w'as 
plunged loo dee[) to give 
much service. 


It was the Sw'edish engineer John Ericsson, 
inventor of the battling “Monitor,” who 
ja*rfecterl the screw j)rofK‘ller, now uni- 
versally usf^d in ocean steamships. If the 
propeller .shaft broke, however, a .shij^ w^as 
helj)less as a h)g anrl might drift about for 
weeks, while all on board might die of starv’a- 
tion if another ship did not come to the 
rescue. Because of this, twin screws were 
introduced, and some .shi])S lunv have as 
many as four ])roi)ellcrs. Screw" I)ri)i)ellers 
made it ])ossible to build bigger and swifter 
ships. The great companies, like the 
(\inard, the lTamburg-.\merican, the North 
(ierman Lloyd, and the White Star line*-, 
began to compde with one another. "J'he 
('unard built the “Mauretania” and the 
“Lusitania,” which w'as df*stn)yefl hy a 
German submarim* in 1915. Eaih of these 
liners was ypo feet long, and had an a\erage 
sjjeeri of more than twenty-five miles an 
hour. d 1 u* White Star Line built the 
“Olxmpic” and the “Titanic,” which was 
wreik<‘d by an iceberg on her first voyage, 
in and went dowm with fifteen hunflred 
passeng(*r.s and crew* on board. 1’he^e ships 
were eath Sgo fe(*t long, but not so si>eedy as 
the ('unarders. 'fhe llamhurg- Vmerican’s 
‘Tmperator” was bigger \et. for she was 
010 feet long. Eor some years the “Mau- 
retania” held the 


Gongs sounding and flags fly- 
ing, here we are off for the other 
side of the world! Shall it be 
London, Paris, or Naples? Or 
are we headed across the broad 
Pacific to the Orient? 


sjK'ed record, but 
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she had to surrender it in 1930, when the 
North German Lloyd liner “Bremen’* made 
the Atlantic crossing in four days, seventeen 
hours. Then, in 1036, the “Queen Mary,” 
an English ship, made the trip in less than 
four days. 

To-day the liners vie with one another 
not only for greater size and sj)eed, but also 
for greater comfort on the voyage. The 
great liner is a kind of floating palace, with 
music rooms, ball rooms, palm gardens, 
g\'mnasiunis, swimming pools, tennis courts, 
elev’ators, and all the luxuries to make them 
fit for royalty itself. 

The biggest ships, the speediest, and the 
most luxurious arc in the North Atlantic 
trade because there is more tratfic there. 
But there are excellent lines to South Africa, 
South America, and Australia. Splendid 
liners go regularly back and forth from San 
Francisco, Seattle, and Vancouver to the 
ports of the Philippines, Japan, China, New 
Zealand, and Australia. The distance of 
more than six thousand miles across the 
Pacific is so great that only the biggest 
liners can take along coal enough for the 
voyage, and so a great many .steamers stop 
to vdke on fuel in Honolulu, at the “cross- 
roads of the Pacific,” But more and more 
ships burn oil instead of coal. 

A Pageant of the Oceans 

What a parade of steamships goes round 
the world that knew them not at all .so .short 
a while ago! There are the haughty liners 
rushing at twenty-five and thirty miles an 
hour, full of pas.sengers impatient to reach 
land. There are the slower passenger and 
cargo boats, content to cross the .Atlantic 
in a third of the time taken by the “Savan- 
nah.” There are the specially-built fruit 
ships loaded with bananas from Central 
America and the West Indies, refrigerator 
ships carrying the frozen meats of Soutl; 
Africa and the Argentine to foreign markets, 
ships steaming down the Great Lakes heaped 
with iron ore for the steel furnaces, oil 
tankers bringing precious fuel to consumers 


all over the earth, huge colliers carrying coal 
out to fueling .stations. And there is the 
tramp steamer, the wanderer of the watef.^. 
She may be a 2,000-ton ve.s.sel .setting out 
from a Welsh port with coal for Canada. 
At Sydney, Nova Scotia, .she may take on 
steel rails for Prince Rupert and have to go 
through the Panama Canal and up the west 
coast of North America. At Prince Rupert 
she may find a cable from her owner ordering 
her to ])ut in at San Franci.sco for a cargo 
to Shanghai, and at Hongkong she may 
load cement for Au.stralia. Then, after 
taking a cargo of coal around the coa.st of 
Australia, she may steam olT for the home 
fH>rt with her hold full of woiil. On the 
way, she may have the good luck to find a 
ship in distress and tow her in. Then her 
captain and crew will divide among them 
their share of a good j)roportion of the value 
of the ship and cargo they have .salvaged. 

Wonders of a Modem Steamship 

How the little “Clermont” would rub her 
eyes if she could see the improvements that 
have come about in .sue h a brief span of 
history: first, iron and then steel replacing 
wood for ships; coal and then oil taking the 
place of the jfine knots her fin-man stoked 
so hard that August morning; screw pro- 
pellers, driven faster and faster by steam 
engines called turbines, taking the place of 
the paddle w^heels that splash(‘d the water 
of the Hudson River on any of her pas- 
sengers who ventured too near on that 
maiden voyage uj) to Albany! And what 
would the funny little old “Savannah” and 
the “Curacao” and the “Royal William” 
think of all the funnels of the leviathans of 
the deep sending their smoke plumes over 
all the seas of the world! In less than a 
century the earth has shrunk in size until 
the farthest isle in the South Seas is nearer 
home for us than plenty of cities in our own 
land were two or three generations ago. No 
wonder the nations of the world are coming 
to be one great family, with a multitude of 
interests to hold them together. 
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Reading Unit 
No. 11 


THE EYES OE' I'HE STORMY SEA 

Xotr: For imir injormation For statistical and current facts, 
not found on this page, consult consult the Richards Year Book 
the general Index, VoL 75. Index. 

Interesting Facts Explained 

How beacon fires ^uide'l the sea- inside. 10 227-28 

men of ancient Kj^ypt, 10-226 The lighthouse lamp. 10-228 
The famous lighthouse on ]*haros, How the seaman knows what light 
10 22O he is watching. 10 229 

How far out at sea can the light Lightships and buoys, 10-228-29 
of the modern lighthouse be Why lighthouses have undersea 
seen? 10 226-27 and radio signals, 10-229 

What modern lighthouses are like 

Things to Think About 

What prevents the lighthouse bea- ‘‘pharos '? 

con from being seen for more How is the light of the lighthouse 
than about twenty-five miles? lamps intensified? 

Why was a lighthouse called a Why are lightships used? 

Related Material 

What do we know about the light- approach of the Spanish Ar- 

hou.se that was one of the seven mada? 10-28 

wonders of the world? 5-181, How has radio saved thousands 
i8() of lives at sea? 10-121 

How does the Department of Of what use are buoys when bro- 
( ommerce make life easier for ken ocean cables have to be 
pilots? 7 3S0 mended? 10-105 

Whv are “birdladders" now fixed How does the radio compass help 
below the lanterns of many ships to find their position? 
lighthouses? 4-.V4 10-121 

How was Kngland wxirncd of the How are shoals built up? 1-57 

Leisure-time A ctivities 

PROfEfTXO. i: Buildamodel PROJECT XO. 2: Write a 

lighthouse, 14-.U ''Biry about a lighthouse keeper. 

Su m mary State ment 

We do not often hear of a ship the world send messages across 

wrecked on rocks or coral reefs the watery darkness, and stare at 

along some lonely coast because the storm-tossed vessel with 

most of the dangerous shores of friendly, winking eyes. 
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Ever since men first began to *‘go down to the sea in 
ships” they have had to battle for their lives with the 
darkness and the storms The weapons of their bat- 
thng are the skill of the seamen, the stoutness of the 
ships, such aids a^ compass and chart and steady 
rudder— and the help sent out to them from fnendly 


shores If it were not for the signalmg of the light- 
houses, many and many a ship would go down in 
spite of all the improvements in shipbuilding, in spite 
of steam and compass and the seamen’s best skill 
Above is the famous lighthouse at Holyhead, on the 
northwestern tip of Wales. 


The EYES of the STORMY SEA 

This Is the Story of the Great Lighthouses, Old and New, Which 
Have Saved Many a Gallant Ship from Dashing on the Rocks 


STORM at sea' Night, and th< 
heavens black as piuh— the waves 
like moving mountains — the wind 
lashing the deck with rain And as the boat 
runs before the wind, how shall she know 
that she is not heading straight for some 
jagged rock that wnll tear her to bits, or for 
some treacherous sand })ar where she will 
stick fast at the mertv of the waves'^ But 
if she can glimi)sc through the dark some 
lamiliar light, or calth the sound of some 
familiar warning signal, she will know where 
she IS and which way she should try to go 
So, for many centuries, men have put 
lights along dangerous coasts, to save ships 
and sailors from the dark and storm. 

In ancient Egypt, priests often burned 
beacon fires for the seamen on the Mediter- 
ranean, and we have record of a lighthouse 
m Asia Minor in the seventh century b c 


Somewhere around 2^0 im. a gnat towtr 
was built on the* islmd of Pharos ffa'rds), 
near \le\andria in 1 gvpt, and light streame*d 
from it fir over the w iter I Ins lighthouse 
on Pharos was so famous that peoiile called 
It one ot the seven wonders of the world, 
and for ce*ntunes anv lighthouse was called 
a pharos atter it 

Lv< I since the building of Pharos, there 
have been man\ lighthouses, some of them 
fierched on headlands overlooking the sea, 
some dinging to rocky islets, perhaps half 
burud m the waves Yet it was not until 
almost our own times — around 1800 A D - 
that men found ways of imiiroving much on 
that ancient light Till then, the light was 
only a lire of wood or coal, which of course 
could not be seen very far Nowadays in- 
candescent oil burners or electric lamps are 
used, weich often may be seen as far as the 
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curvature of the earth will allow -some 
tweuty miles as a dotmite beam, y)erhaps a 
iTundred as a light in the sky. Big mir- 
rors rellcet the light. All sorts of other 
improvements * ' 

have been worked 


out the water around the foundalion.s of the 
tower Such a caisson can be anchored at 
the spot where the tower will .stand and the 
foundation will lie built in it. It sinks deeper 
V and deeper into 
k the sand with the 


out, too, as we 
shall see. 

But suppose we 
visit a lighthouse 
-—one of the ro- 
mantic ones, per- 
haps in remote 
Alaska. It stands 
with its feet alwa\s 
in the oicMn, on a 
rock from m\ to 
lwent\ feet below 
tlie ‘‘Urface ol the 
water. It will lx* a 
roll nd I ower of 
stone or c oik tele, 
strong be\( . 
litl to stand against • 
the rough handling 
of t h c \v a \ e s . 
I*Aery tru k known ♦ 
to imxlern builders 
is used to anchor 
it secureK on it'* 
si or ni-be sieged 
])erch Intel lock- 
in g steel s li e e t 
filling aiifl lein- ^ 
forced concrete 
lend their strength 
to its found.ilion, 



weight. In the end 
it may be filled 
solidly with con- 
crete or masonry, 
on whi( h the tower 
itself can be built, 
'fhe laiger light 
.stations ha\e all 
the modern con- 
veniences. 

But we shall pick 
out a calm da\ to 
get on the boat and 
steam o\er to our 
liglilhouse. Then 
the 1 1 g h t h o u s e 
keejier w'ho is 
probabI\ a member 
o t our C oast 
Guard and trained 
to his ta^k will 
lower his ^kiiT and 
row’ alongside to 
take Us off. As the 
skiff (omes to the 
W’all of the light- 
house, W’c must 
catch a ladder, and 
climb u|) f)cThaps 
twent\ feet to a 
door in the side of 


which is solid as 
the rock it rests on. 

If we had chosen 
a lighthouse not set 
on a rock, but 
anchored in shift- 
ing shoals or sands, 
we might have 
been told some 
verv remarkable 


Buoys are the guideposts of the set. They mark out channels, 
warn of shoals or sunken wreckage, show where a boat may 
anchor. They are colored and numbered according to an es- 
tabhshed code, so that the seaman knows the meamng of each 
one. Further, the unlighted ones are made in special shapes 
for special purposes: there are tall nuns f i), tall cans (2), nun 
buoys (3), iron spar buoys (4), can buoys (5). Some give sound 
signals: bell buoys (6), whistling buoys (7). Some carry lights: 
(8, 9, 10). They burn compressed acetylene gas or electricity, 
and often carry bells (8, 9), gongs, whistles, or trumpets just 
as other buoys do. You will always find buoys in harbors and 
at the entrances to important rivers. They are fastened by 
a chain to a heavy iron weight that lies on the bottom. 


the iDwer. 

Vel once wv are 
safe on the stone 
threshold, how 
solid e\er\ thing is’ 
The great wall is 
thirteen feet thick, 
and w’ c pass 
through it in a 
small tunnel to the 


things about the building of it. Piles or snuggest little room imaginable, right in the 
anchoring beams had to be driven very center eff the tower. No matter how a storm 
deef) into such a soft foundation. Probably may rage outside with furious, beating waves, 
the engineers used caissons (^ka'se'Sn), w'hich this heart of the lower will be always quiet 
are really huge metal boxes that can keep and serene. 
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The little room is just a vestibule to snugges 

the interior. There are lockers around Ifviegt 

the walls, but no chairs or comforts to the s 

of any kind. So we shall climb \ perh: 

up those steep stairs to the lloor for tl 

above. Here we find a larger hisli< 

room filled with stores of every I 1 just 

room full of tanks of gasoline list en 

and kerosene; then up once ^ far I: 

more, to another oil room brigh 

Finally, on the fifth floor, ^^e s o(i.Khth.u«^ ] 

4 i:-u*i This is the giant lens in the .1 » 

come to the lighthouse keeper s lighthouse at Kilauea Point, ^hc sea.'* 


snuggest spot in the world? 
If vie go on up the stairs again*, 
to the sixth floor, we shall fitui 
L perhaps three little bedrooms 
^ for the lighthouse keeper and 
u his helpers or his family, each 
J just big enough for a bunk 
W and a chest of driiw ers. How 
9 should you like to sleep in 
f one of these tiny rooms in 
this high tower of stone? 
Should you like to lie on 
your pillow at night and 
listen to the waves lashing 
far beIow% or wake in the 
bright morning and look out 
of the little window far over 


home. Hawa 

It is a little round chamber “Nantucket” 
with window’s on each side, anchored off sh 


But we must be climbing uj) 
lightship more, for above the bed- 


a rue “Ifantucket” is a ligntship iwi 

with w’indow’S on each side, anchored off shore near the rooms the rtcil business of the 
, 1 1 X island tor which she is named, v 1 ,1 1 m 

w'here you can look out over Buffeted by every storm, she lighthouse begins. There is a 

the windy w’aters. There are ^5 ll?^U**** *w***f.®f®* loom full of machinery, and 

Chau’S and a table or two, and all ships entering New York then comes the lantern itself, 

li'xT'lr Ave o 1' i f r'Vi AVI Af f A in nn«k harbor. |1 ,a riv iw/\n f.ki* ill < liA 


lockers, and a kitchenette in one 
corner. There will l>e pictures 
on the wall, tex), and bcxiks and 
magazines on the table, 
and probably a radio. And / 
everything w’ill be neat and / , 
spotless as a captain’s / 
cabin at sea. Suppose / 
you could come into this / 
w’arm bright room on a / 
cold winter night when / ^ 

the waves were break- / 
ing around the tow’- / J ^ 
er far below and the u ' 
w'ind w’as whistling / 
and howling at n 

the windows- // / 

Would you / / / 
not feel it X / 

was the saf- BH 

and 



tlic reason ft)r all the rest. 

This enormous lamp may be an>- 
where from 75 to 150 feet aliovc tlie 
sea or even over 200. It will be a 
giant electric, acetylene fa-sf-t'I- 
^ len) gas, or oil light, set behind 
y huge lenses of glass that are 
sometimes three times as higli 
as a man. fls light is inten- 
' silic'd and sent in the right 

N \ direct ion by a complicated 

\ .s\ stem of lenses and 

^ prisms. If it is a really 
\y beams may 

\ \ be seen on a quiet 

\ night many a mile 

\ \\ ‘'iway. 

» \ \ But the sail- 

^ n or wants 

I to know 

he 


T*liotf> by n fl Dnpt of T<ichthmiB4*« 
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coast, but just what coast it is. So of late 
years light houses have been made as differ- 
ent as possible from one another, in order to 
tell the sailors just where they are. Some- 
times, e^ipecially in harbor entrances, different 
colors arc used. A red light is not half so 
strong as a white light, and a green light is 
only about a quarter as strong; it is wasteful 
louse colors if there is any other thing to do. 

Usually what the lighthouse builders do 
is to make their light Hash on and off in 
some especial combination of Hashes, rather 
like a Morse code. IVrhaps there will be 
three sharp, short flashes of light, then a 
few seconds of darkness; and the seaman 
wall know at once from the number and the 
order of the flashes just what light he is 
watc hing, and just where he is. Fairly few 
of our lighthouses simply send out one steady 
beam of light. In most of them, to l)e sure, 
the light really burns all the time. But it is 
shut off trom \iew by a screen that works 
up and down »■ more often, turns round 
and round like a sort of giant lampshade, 
making the light flash, grow dim, go out- 
flash, grow dim, go out. 

Many of the tallest of the lighthouses are 
not in stone towers like the one we visited, 
but in buildings on the land, or in sea towers 
made of openwork iron and steel, like the 
skeleton of a skysc raper. Many lights, 
though of course not the highest, are on 


lightships instead of in buildings, or on 
buoys anchored in the water. More and 
more, clever men are working out w'ays to 
make the lights take care of themselves, and 
many a shij) is saved by a light that keeps 
on burning for days without any kccj^cr's 
coming near it. 

But even the strongest light will be useless 
w'hen there is a heavy fog. So lighthouses 
try to call to the ships, too. The oldest way 
is to ring bells, but bells cannot be heard 
very far through a thick fog. (iuns and 
sound rockets, whistles and horns, are used. 
Certain sirens and sound-making machines 
called diaphones (di'a-fon) are the loudest. 

Radio and electronics have brought won- 
derful aids to mariners. Radio makes possi- 
ble speedy communication between ships and 
shore. Radio beacons on shore constantly 
send out s»ignals by which shii)s equipped 
with direction finders take bearings in bad 
weather. Fauh beacon has its own signal — a 
spec iai ( oml)ination of dots and dashes known 
to na\ igators. As an aid to long-range navi- 
gation we now have the device loran (lo'ran). 
Ships carrying it can find their positions at 
any time. Most ships are also fitted with 
radar. It sends out signals from the ship 
which are “echoed'’ back to the ship by ice- 
bergs or any other objects in its path. I'hey 
make liny sj)ots on the radar’s screen. 

So weather is being slowly coiujucred. 


This loran receiver is aboard 
ship. The impulses which it 
receives and records are sent 
out by loran stations on shore. 
They operate in pairs and send 
out signals with exact timing 
in relation to each other. The 
difference between the time 
of arrival of the two signals at 
the ship bears a direct rela- 
tionship to the difference in 
the distances between the ship 
and each of the two stations. 
The navigator uses this differ- 
ence in determining his ship’s 
position. Loran is useful over 
a greater distance than older 
radio aids, is more accurate, 
and is reliable in all kinds of 
weather. 
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TRANSPORTATION 


Reading Unit 
No. 12 


THE OCEAN HIGHWAY AND ITS TRAFFIC 

Xofr: For basic mtorwation For statistical and c nrrc at Uitt^, 
not tound on this page, consult consult the Ric hauls Vtar Book 
the general Index, VoL 75. Index. 

Interesting Facts Explained 

The comiims and i;oings of Where sailini' xcs^cls coinj^ete 

“tramp” shi[)s, io-2^^2 with steamboats, 10 2^8-39 

The North Atlantic route, 10 2^4 What \mcrica bii\s from Aiis- 
Trade with the Orient through the tralia, 10 240 

Suez Canal, 10-2.TS Where our coffee comes from, 10 

Where more than half the people 241 

on earth live, 10 2,^5-36 Ihitamh the Panama to the Par 

What the East sends to the West, East. 10 241-42 
10-236 

Things to Think About 

What kinds of goods are shipped \\ here do more than half the [H'o- 
on liners'* pie on earth live’'' 

What is “ballast”? Why does South Africa produn* 

W'hat is a “great circle”? relati\ely few raw m.iterials-* 

What trade do the Mediterranean W'hy do mail and passenger 
countries carry on with each steamers use the Suez routi* 
other? more than trading \essels do-^ 

Picture Hunt 

W'hat kinds of vessels may be W here can small vessels fi ml she!- 
seen on the ocean to-day? 10- ter in Norway? 10 2^7 
231, 23s, 239 

Related Material 

How did the ^‘roaring forties” get Phoenicians carry to the coun- 
their name? 1-225 tries with which they traded^ 

What was the old meaning of 5-110-11 

“trade”? 1-225 W’hy did de Les.seps fail in his at- 

Where was coffee grown first of tempt to dig the Panama 

all? 9-130 Canal? 10 270 

How big were the old Roman What makes rubiier one of the 
grain bcjats? 5-242 ' most amazing substances in the 

What valuable ideas did the world? 9 261-66 

Summary Statement 

The whole network of ocean ination to grasp, yet on its smooth 
transportation is much too vast working our highly geared mod- 
and too complicated for the imag- ern life depends. 
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The OCEAN HIGHWAY and ITS TRAFFIC 

Here You May Read of the Great Lanes of Ocean Travel, of the 
Cities. They Pass, and of All the Amazing Cargoes the Busy Ships 

Must Carry 




SATLI a siiill” And when that iry 
went u[) the siiilors rushed im deck 
to hail the first sign of human life in 
many a long day. To the seafaring man of 
long ago the ocean seemed many times 
broader than it seems to-day, and a 
vessel driven off its course might not / 
sight another vessel for months on 
end. In those great expanses of 
water all .sorts of dangers lurked, 
and storms w'ere always 
threatening ov'erhead. No 
wonder amient i)eoples pic- 
tiirefl the deep as full (»f 
teriible mon.sters that la\ ' 
in wait to seize a ship. 

If you have read our 
story of ships and of 
the w'a\ Ihev ha\e 
grownand( hanged, 



you will know that nowadays an ocean liner 
is vastly safer than an automobile. To take 
a trip in one is probably less dangerous than 
to w^alk along a city street. And if anything 
does go wrong, half a dozen vessels arc 
almost certain to be somewhere near, to 
come to the rescue at the first SOS. The 
sea has come to be a very populous place 
\ in comi)arison with days of long ago, 
and along the great ocean highways 
which vessels follow^, ships are 
always being sighted 

.Ml this is a result of the tre- 
mendous giovvth of trade between 
the nations. Thousands of ships 
now’ belong to the w’orld’s merchant 
marine, and in pr()Sf)crous times 
they are always on the go. In 
da\s gone by, only wealthy 
men could send a cargo to sea, 
for a merchant usually owned 
the vessel in which he shipped 
Iiis goods, d'he dangers of 
a voyage were great, and 

This liner once 
sped between New 
York and Italy, but 
she was taken by 
the Germans in 
World War U and 
was sunk in 1944 
\ by British bombers. 


eiiotu l» the lutliiLB Line 
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the loss was heavy when a boat went down. 
That fact alone kept ]ieoi)le from shipping 
anythin^: that would not net them a hand- 
some profit. 

But nowadays a vessel rarely belongs to 
the merchant or company that shijis goods 
in it. Shipping is a business 
in itself. The “liners,” 
which run on schetlule and 
make regular calls at stated 
ports, belong to large cor- 
porations. They are quick 
and dependable, and carry 
the mails and small ship- 
ments of goods, such as 
manufactured articles, that 
would not make u|) an 
entire cargo. Their business 
might be compared to the 
express service on a railway. 

Charter vessels or 
‘‘tram])s” ' on the other 
hand, are hired by a shipper 
for a single voyage, and nose 
their way into cver\- corner 
of the sea, where\er they 
ha| pen to be sent. Any- 
body may own one. The 
owner hires the ser\'ices of 
a shipbroker, who from his 
office in some large port 
keeps in touch by calile and 
wireless with shijijiers all 
over the world and tells the 
owner where a profitable 
cargo may be picked up. 

Anyone planning to hire the 
ser\dces of a tramj) must 
charter the whole vessel. 

For this reason the cargo is usually made u{) 
of a single bulky article -grain, cotton, coal, 
ores, i^etroleum, lumber, sugar, coffee, or 
sd'me such raw material. 

The Easy-going “Tramp” 

With goods of this kind .s])eed is not an 
object. So the tramp can go at a leisurely 
pace and, unlike a liner, does not have to 
sail whether she has a cargo or not. There 
is no need for expensive advertisement to 
attract trade. She ambles into port whenever 
she finishes her voyage and sails whenever 


she is ready. For all these reason.s .she can 
carry goods much more cheaply than a liner 
can. 'fhe business of the charter ve.ssel;s 
corresponds to the freight service on a rail- 
road. 

I'he coming ancl going of all the thousands 
of tramp ships in the world 
is a very complicated matter. 
When a ship owner sends 
out his vessel with a cargo 
he must think of the return 
voN'age as well as the voyage 
out. In some [)orts she will 
have no trouble finding a 
cargo, but from others she 
will have to come back 
empty or else go out of her 
way to pick uj) a load. 
Part of the cost of charlering 
a ship (kpends upon her 
thances of making a proht 
«)!! the return voyage. 

Then too there is a largi* 
seasonal trade to look out 
for. Canada sends huge* 
(juantities of \\h(\it to ijifi 
land after the haivest is 
o\er and before tlie SI. 
Lawrence freezes, ljul (ro])s 
in the .Xrgenline- grow and 
ripen during our winter. 
So it is a great puz/.le to 
do\clail cargoes together, 
setting one down here, |)u k 
ing up another there, am I 
|)lanning for still a third (*r 
fourth before the ship gets 
back home. 

Xow it often hai)|)en.s 
that a region which needs the services of a 
great many tramp shi])s to carry away its 
bulky raw materials — hides or wheat or 
jHJtroleum- -buys from abroad only the kinds 
of articles that come on ocean liners, hhig- 
land, for instance, buys raw materials all o\er 
the world, but coal is about the only bulky 
commodity that she can send back in return. 
Most of her sales abroad consist of manu- 
factured articles, which arc shii)ped on liners. 
So because vessels sailing to England are 
eager to have a return cargo, the country 
exports Huge quantities of coal; otherwise 


MERCHANT MARINE OF 

THE WORLD AND 

OF 

PRINCIPAL COUNTRIES 

(Vessels of 1000 tons and over) 

Argentina 

99 

Belgium 

64 

Brazil 

158 

British Empire 

2,987 

Chile 

46 

China 

19s 

Dominican Republic 

266 

Finland 

144 

France 

Ml 

Germany 

108 

Greece 

217 

Honduras 

56 

Italy 

^45 

Japan 

268 

Latvia 

17 

Mexico 

18 

Netherlands 

40 T 

Norway 

719 

Panama 

376 

Peru 

18 

Philippines 

a 

Poland 

39 

Portugal 

72 

Spain 

264 

Sweden 

486 

Turkey 

64 

U.S.S.R 

417 

United States 

4,061 

Venezuela 

35 

Yugoslavia 

36 

Others 

102 

World total 

12,372 


This table does not include vessels on 
inland waterways, channel vessels, ice- 
breakers, cable ships, or those owned 
by any military force. World War II 
changed the ranking of countries in 
merchant fleets. In 1939 the British 
Empire had almost three times as many 
merchant ships as the United States. 
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A busy port in Holland looked like this in the days of the dangers in strange waters, we must not forget that our 
white-winged sailing ships While we may regret the own modern ships are much faster and safer and have 
passing of those graceful boats that braved so many a romance all their own. 


on the uitlon and wheat and 
sijt^ar and hides that she imports would he a 
^00(1 deal hi^hei than it is, and the prices ol 
those necessities would he hi^het in the 
hiij^lish market 

What Is “Ballast”? 

I* ranee is not so luek\ as hn^land .she 
has little liesides maniifat tures to send to 
the (ountries that sell raw mateiials I*or 
this leason shijis often sail from h ranee laden 
with sand, roek, hricks, or water \\e sa\ 
that they “hi hallasl” that is, without a 
earpo, hut weighted down with anything 
hea\ V enenigh to make the ship ride ste idih. 
in the past, \essels returning to the I nited 
States from France often carried low-priced 
French wine as ballast. 

On other jiages wt have told of the great 
stride's made in shiphuilding in the eoiirse of 
the centuries, and of all the graceful and 
compact craft, from ore boats to tankers, 
which have been invented to carry the 
world’s goods. K\'ery great jiort will show^ 
an amazing variety of them. Though they 
have lost their white wings of da\s gone by, 
they still are graceful as well as serviceable, 
anci are vastly safer than in the oldem days. 
It is not only that they have improved in 


constriction I he old wooden vessels ha\e 
give*!! wav to steel ones, until to-day fire, 
once the sailor's worst enemy, has been 
largeh robbed of its terrors Lately ship- 
yards in the I nitc'd States have turned out 
vessels that are ninety-nine [)ercent unburn- 
able Oui government reejuires that not more 
than ten |)ereent ol the material in new 
vessels shall be of wood 

.\nd where do lhe> mostlv go- these great 
floating warehcni'.es that play so big a part 
in our modern lilt*’' Large numbers of them 
arc to 1)0 found jdving back and forth across 
the North .\tlantic That is the world’s 
greatest highwav ol ocean trade Canada, 
the I nited ‘states, Mexico, and the West 
indies, all arc within easy reach of the great 
ocean lane which connects the New World 
with Northern Luroj)e 

A Simple Rule for Ocean Pilots 

At first it may seem strange that boats 
from Quebec and Havana should take almost 
the Siime path in going to England, but a 
globe will make the reason ])lain, as a flat 
map cannot. 'Fhe shortest distance between 
any tw'o points on the earth's surface lies 
along what we call a “great circle.” A great 
circle is merely an imaginary line draw'n 
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around the earth in such a way that it divides 
the earth into two equal halves. 'Fhe Equa- 
tor is a great circle, for instance. Of course 
you may draw one through any two points 
on the earth’s surface. 

The Shortest Way to Europe 

Now a great circle from New York to 
Southampton would pass over New England 
and the eastern end of Canada. Naturally 
ships leaving New York sail east till they get 
out to sea, but then they bear to the north 
until they reach this imaginary line, which 
they follow the rest of the way. Because the 
eastern coast of North America dtx?s not lie 
straight north and south, but slants from 
northeast to southwest, it extends in general 
along the path of the great circle of which we 
have been speaking. As a result, shijxs leav- 
ing any of the ports along the eastern coast 
and the Gulf find themselves following the 
same great ocean highway. That is why any 
ship sailing along the beaten path between 
New York and Southampton sights other 
vessels all along the way. 

For the same reason merchants of the 
W*‘st Indies and along the Caribbean Sea 
are not sending goods much out of their way 
when they ship merchandise to New York 
for reloading to one of the great liners that 
sail regularly to Northern Ei'rojxj. (ioods 
are sent back by the same route 

Dangerous Spots along Our Coast 

In winter ships follow a path somewhat to 
the south of the summer route. And at that 
time of year, when the St. Lawrence is 
frozen, Montreal stops her shipments to 
Europe and Canadian wares go overland to 
the ports of Halifax, St. Johns, Boston, and 
New York. At all times vessels bear well 
out to sea in passing Cape Hatteras, on the 
coast of North Carolina, or treacherous 
Sable Island, off the coast of Maine; and 
they give a wide berth to certain rocks on the 
Grand Banks of Newfoundland. In those 
fog-infested waters many little fishing boats 
are always coming to a tragic end, and many 
larger vessels go to their graves when they 
encounter the icebergs that come floating 
down in summer. 

Nor is the voyage always tranquil. 'Fhe 


North Atlantic route lies in the path of the 
l)oisterous west winds, which used to deal 
roughly with a ship brtcre the days of steam. 
Often sailing vessels, though they w^cre glad 
enough to have those winds to blow them 
eastward, refused the combat when it camt? 
to sailing in the opposite direction. rhe> 
WTnt south to the Canary Islands, and from 
there across and up our eastern coast. 

The Ocean’s Busiest Highway 

But it takes greater terrors than the ones 
we have mentioned, to stop the flow of trade. 
Along this famous highw^ay i)ly the finest 
ships mankind has ev;r seen, luxurious liners 
that link the world’s two greatest democra- 
cies, the richest countries on earth. Here 
too has passed that vast army of emigrants 
who in the past three hundred years have 
I)eopled our (ontinent. To-da\ they do not 
come in such great numbers, but travel is 
heavy, just the same. Most of the important 
manufacturing nations lie within roach of 
this great ocean route, which has the hea\iest 
freight and [)assenger traffic of any in the 
w’orld. London, Livcr])ool, Southampton, 
Bristol, Glasgow, Hull, and Newcastle, 
Havre fa'vr’), Bordeaux, and Cherbourg 
(shSr'bdr)r'); Antwerp, Amstenlam, and Rot- 
terdam; Hamburg, Bremen, and Stettin, Co- 
penhagen, Danzig (dan'tslK), Riga (re'ga), 
Leningrad, Stockholm, and Oslo (os'lo) 
ships from all these ports use the same great 
path to reach the bustling nations of the New 
World. 

The North Atlantic is not the only busy 
pari of that much traveled oc'can New 
York, the w’orld’s greatest port, sends out 
ships in many directions. Large numbers 
sail to the Mediterranean, and many go on 
east to the Orient by way of the Sue/ fsoT)-?/') 
Canal. For this too is a great trade route. 
It goes through the oldest and most populous 
part of the w'orld, and carries g(X)ds for over 
three-fourths of the earth’s inhabitants. 

Of course much of the trade along this 
ancient ocean highway does not go the whole 
length of the way. There is, for instance, 
our own trade with countries in the Mediter- 
ranean Time was when most of the goods 
we got from them were sent to London or 
Liverpool and reloaded there. To-day a 
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IMioto )i> thi* htuiiilini Oil Co 


If you have lived at all upon the water, you will have color of the stripes on her funnel. Oil tankers are 
seen many an oil tanker like the one above. You may built to lie efficiently low in the water. When not 
well have learned to tell who her owners are by the loaded they carry heavy ballast. 


number of regular sleamshij) lines connect 
\ew York with \ari()us Mediterranean ports 
and liriiig 1>ick o!i\e and other vegelalile 
oils, tine leather goods, china, silks and 
linens, and many other manufactured articles 
in return for the foodstuffs those countries 
must l)uy fioni us to help feed their crov\dcd 
jiopulations 'IhiTe even are lines uniting 
us with ('onstiintinople and the Black Sea, 
for the agricultural lands along the Danube 
and around the Black Sea are glad to get our 
farm machineiy 

Of course the countries on the Mediter- 
ranc'an carr\ on a lively trade with one 
another. Italy, France, and Spain arc all 
crcmdec’ nations that ha\e to import food, 
'rhey can get it from Northern Africa and 
the lands around the Black Sea and along 
the Danube, (irain, fruits, and poullr} firod- 
ucts are exchanged for the manufactures 
that the more crowded countries produce. 
The Black §ca region al.so has ores and 
l)etroleum to sell. 

What Is Africa’s Busiest Port? 

Northern luirope naturally does a thriving 
business with the warmer lands farther south. 
Karly vegetables go from Northern Africa 
to Paris and London, often by way of Mar- 
seilles, which also gets African olives, wine, 
wool, and wheat. Alexandria, at the mouth 
of the Nile, is Africa's busiest iJort. That 


great continent has no very good means of 
getting her rich resources to the sea, and so 
she has many little harbors but few big ones. 

Strange Wares from the Orient 

Of course there is a heavy traffic between 
all the countries of the West and thc^se of the 
Orient. It is very old indeed, for almost as 
soon as history began, the people of Egypt 
wanted the fascinating wares that came from 
the Fast. In those days long caravan trains 
carried a few valuable products overland to 
the Mediterranean shores. Those difficult 
and dangerous routes are still in use to-day, 
but with the c)|)ening of the Suez Canal ( i8oq) 
they lost much of their traffic to ships, which 
can carry the goods more easily and cheaply. 
At one time vessels carried the trade the 
whole distance except across the Isthmus of 
.Suez, where caravans took the goods over- 
land Because the Far F2asl had little interest 
in the wares the West had to offer, gold and 
silver wxre, for the most part, the products 
sent back in e.xchange. 

But now’ all this is changed. The Western 
nations are turning longing eyes tow^ard the 
rich markets still to be opened up in the 
crowded lands of the East. Half the people 
in the w’orld live in India, China, South- 
eastern Asia, and Japan. Most of them are 
very poor, and barely keep body and soul 
together by tilling a tiny piece of ground. 
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But they are skillful and artistic races, mak- 
ing many beautiful things by hand; and 
China, at least, is one of the richest nations 
in the world in mineral resources. Her people 
are beginning to awaken, as the Japanese 
have already done, and some day will come 
into the complicated life of the Machine Age. 
Then they will need all sorts of W'estem 
products, and will have the money to buy 
them. 

Wares for Sale in Modem China 

So there is keen rivalry among the Western 
nations to gain a foothold in those future 
markets. Before World War II the Chinese 
bought large quantities of rice, cotton goods, 
machinery, metals, tobacco, kerosene, and 
many manufactured articles. In evchatige 
they sold raw silk, so\ beans, oils fr)r ni, iking ^ 
paint and varnish, raw cotton, tea, and 
various manufactured wares. Their best 
customer for raw materials was Japan. 

Japan has been a great trader. With the 
exception of parts of China, her inhabited 
areas arc more crowded than any on earth, 
'rhis of course means that she cannot export 
food. What kind she has must, if possible, 
go to raising cro[)s the people can eat. .-^nd 
even then the Japanese diet is a miserable 
one. Western peoples could never live on 
it. In raw materials Japan is hardly better 
off than she is for s|)ace. She has no iron 
and very little coal. Yet before World War 
II she was using huge quantities of iron to 
build up the navy with which she fondly 
hoped to conquer the world. So wliat has 
she done in order to buy the things she got 
from other countries? Her exports of silk 
and tea have come far short of [)aying the 
bill. 

There has been only one way open to 
Japan. It was to turn her clever, obedient 
pebple to manufacturing goods that could 
be exchanged for all the many things she 
needs from the rest of the world. So she 
has rapidly gone into industry. She has 
made all sorts of wares — china and ]m{)er 
products and various novelties— which she 
can sell cheaply in the W^est. Particularly 
she has developed the manufacture of coarse 
cotton goods, which she can set down in 
India and the Philippines more cheaply than 


England and the United States c^tn. She 
has not room to grow much cotton herself, 
but she imports it from the United Stales, 
China, and India. For the people of India, 
crowded though they arc, have not yet 
awakened to the value of manufactures, and 
so do not weave much of the cotton that 
they grow. 

In view of all these facts it is not strange 
that the Suez highway, the most direct 
route between Europe and the East, should 
be crowded with ships. For a long time we 
got our own imports from the Far East by 
way of London. But since the opening of 
the century we have had lines going direct 
to various iXsialic ports. We send them our 
cotton, i>elroleum, miuhinery, tobacco, wo(Ki, 
iron and steel products, textiles, and dyes. 

When a Tramp Sails around the World 

As it hapj)cns, the return cargo i^ a goixl 
deal less bulky, for the Far East- -and es- 
peciall) China anil Japan -docs not ship us 
many raw materials. So charter vessels, 
both from America and from ]'airo})e, often 
have to look about for a handy return cargo. 
They ma\ be able to j)ick up a load of sugar 
in Java, of hemp in the Philippines, of rubber 
or tin in Singapore, or of rice ai Rangoon 
(r^ing-gtlTm'), in Burma. Often the tramj) 
Steamers sail back home by way of the 
Pacific and Panama. Many of them go out 
loaded with oil from the refineries along the 
Atlantic. After they have delivered it they 
pick up a cargo of lumber at Puget (j)u'jc t; 
Sound and come on home by way of the 
Canal. 'I'hey have sailed around the world. 
English steamers, too, often cross the Pacific 
and get a cargo here to take on home. 

Of course the trade between Europe and 
the East is much greater than our own. 
Faigland, for instance, exchanges all sorts of 
goods with Eastern sections of the British 
empire. Together with other countries of 
Western Europe she sends out machinery, 
iron rails, locomotives, cotton goods, clothing, 
canned gocxls, and a vast quantity of other 
manufactured articles. 

In return the East sends back lo the West 
a bew'ildering list of wares. China and Japan 
ex|X)rt raw silk and tea; the Philippines, 
sugar, Manila hemp, copra, and coconut oil. 
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The steamer in the photograph has found her way into a fjord 
one of those magmficent drowned vallejs that indent the rocky 
coast of Norway After the valleys were gouged out by glaciers 
the land sank and the sea came in So to day the fjords make 
fine shelters for many of the smaller boats 


Of course the countries at the eastern end 
of the Sue/ route exchange gc^ods among 
lhemscl\Ls, for the ones in the tropics have 
many warts that those farther north want 
to buy So India Burma, Indo China, and 
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existence as a great world jwrt entirely 
to the growth of the important East- 
West highw’ay which we have been describ- 
ing. 

What Governs the Price of Coal? 

The price of coal at the various ports 
along this great route dejwnds much less 
on a port’s distance from a coal field than 
on its nearness to a district that is likely to 
furnish the freighter with a good cargo for 
the return voyage. If transport rates hap{)en 
to be low — and they vary greatly the cost 
of stopping at a port will make it cheajKjr 
to carry' a small cargo and a large supply 
of coal. But if rates are high, it will be bet- 
ter to carry a big cargo and stop often for 
coal. 

The oldest of all the (uean routes to the 
East is the one around the Ca|)e of (iood 
Hope, the southernmost {K)int in Africa. On 
other pages w'e have told something of its 
early history, which began centuries before 
the Suez Canal opened up the great route 
through the Mediterranean. To-day the 
older route is much less used, not only be- 
cause it is longer, but also because it ser\'cs 
fewer great markets along the way. For 
Africa is far less developed in agriculture and 
manufactures than Europe and Asia are. 

Goods from “Afric’s Burning Shore” 

Both America and EurofKJ send liners to 
Cape Town and to tw'o or three neighboring 
towns, and a number of lines go from Euro- 
pean cities dow'n to the little harbors along 
the west coast, where they pick up ivory, 
palm oil, ])alm nuts, i)eanuts, rubber, ma- 
hogany logs, and cacao. In return the traders 
sell their black customers acres of cotton 
cloth, various kinds of food stuffs, and a 
certain number of other manufactured arti- 
cles which the simple natives have learned 
to want. Down the cast coast, too, come 
steamship lines from a number of Euroi)ean 
countries. They pick up rubber, hides, 
copra, spices, and coj)i>er at various little 
ports, and leave food stuffs, metals, liquors, 
and the cotton cloth which all tropical coun- 
tries use in such large amounts. 

The white men of British South Africa 
have a great many more wants than the 


black men farther north. Dniike most new 
and sj)arsely settled lands- such as Argentina 
and Australia South Africa does not pro- 
duce a great many raw materials. Jw one 
thing, she has too little rain to make farming 
pay well. But more than that, she gives 
much of her time to the mining of gold and 
diamonds. Thc.se are what she gives the 
world in exchange for the grain, Hour, lumber, 
machinery, clothing, foodstuffs, iron and 
steel, and all the varied manufactures that 
white men W'ant. 'Fo be sure, .slie has other 
])rodurts and is glad to sell them. Her 
plains are not too dry for grass to grow. So 
C'ajH? Towm and the .small cities near it on 
the eastern coast are centers for shipping 
a certain amount of wool, mohair, hides, 
skins, and ostrich feathers, which come down 
from the interior. And co|jper loo iu loaded 
there. 

The Traffic round “the Cape” 

Xow it will be easy to see that no merchant 
is likely to ship \ery big cargoes of gold or 
diamonds or ostrich feathers. What is a 
vessel to do after it has discharged its load 
of American wheat or English woolens? It 
must look about elscw'here for a cargo to 
carry home. So some go farther east to 
pick up rice or grain or cotton or jute or 
sugar. And some cross over to South Ameri( a 
lo get a cargo of grain or wool at Buenos 
Aires (bwa'nOs I'ras), and then .sail home 
agiiin. 

After rounding the Ca|>e of (iood Hojwj 
a ship sailing from London or New* York 
has three i)aths open before it. If it takes 
the one to the left it can coast uj) the eastern 
side of Africa. The center path leads to 
Inclia and beyond, and this is the one taken 
by sailing vessels that carry refined oil to 
India and China and Japan. But the great 
bulk of the traffic around the Cape takes the 
I)ath to the right and gex^s to Australia. 
For most of the world’s traffic with Australia 
goes by this southerly route. I'he Suez 
route, though a thousand miles shorter, is 
more cx[)ensive, and so is used mostly by 
mail and i)asscnger steamers. 

It is a romantic procession that rounds 
the Cape for Australia. Here, of all places 
in the world, you may see the sailing vessels 
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This vessel is i4kiiig on cargo in New York, the world's 
greatest port Dockhands are busily rolling out boxes 
from the warehouse One such box is already being 
hoisted up the side of the boat by means of a cargo 


boom, or derrick Notice the cargo nets that have been 
hung to prevent any of th^ boxes from falling into the 
water The disk-shaped object at the left is a guard to 
keep rats from chmbing aboard 


db tliiN wtrt in (lci\s gone In ior tin louU 
tiroiind th( (ape ib the one Nslierc lhe\ ean 
best tomptlt v\ilh si(*ini On other pages 
we hi\e (leseribcd the boisterous west winds 
that swetj) leross the \asi stretehes ot open 
sea in these lititinles I hose aie the winds 
the sailors lo\e Onee the ( ape is Utt behind, 
die biee/e will iari\ a stout ship through 
the roaiing forties all the wa> across the 
Indian Ocean to \ustrdia or \e*w /e aland, 
with nc\er a pause Steamships must take 
on enough eoal in South Miica to last them 
deal to \uslralia but a sailing ^es^el can 
till hci hold with freight and send along 
without a thought of fuel She offers the 
cheapest transjiortation to be had 

How to Sail across “the Trades’* 

On mam other routes hci problcmi is not 
so simple She must tr\ to go at light angles 
to the traelc winds, which, as we ha\c e\ 
plained elsewhcTc, lilow toward the iquator 
from northeast to southwest in the Northern 
Hemisphere and from southeast to north 
west m the Southern Hemisphere I his 
makes It necessary for a sailing \ essel Icav mg 


New ^ork to lollow a /ig/ag course in order 
to reach Ca])e lowii 1 irst she sails east 
with the westerK winds that blow aeross 
the Northern lleniisphert Ihen she turns 
into the trade winds and erosses them as she 
sails southward When she reaches the 
westerh wimK of the Southern Hemisphere 
she turns to the eist again and so rouncls the 
Cd})e Cioing h lek she c annot take dd\ antage 
of the westerlies and so steers a straighler 
eourse 

Which Way Is the Wind? 

VII sailing vessels must fit their courses 
to the paths of the winds in jiist this wav, 
and for that reasem thev often lollow (|uile 
a ditTen it loute from that ot the steamships, 
whieh trv to tale the shortest wa> Ihe 
fact that a sailing vessel mav have to cover 
more miles is ol slight importance to her 
She spends no monev for fuel, so distance 
does not count She searches out the eourse 
upon which the winds will send her along 
with the gieatest speed, and is glad to eseajie 
a shoit route cm which she is likely to hnd 
herself becalmed 
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For this reason it is easy to see why, once 
having reached Australia, a schooner will 
often keep on east across the Pacilic and 
then turn north across the trade winds to go 
to San Francisco or Panama. Or if she is 
bound for London, she will round stormy 
Cape Horn, at the southern tij) of South 
America, and then turn north across the 
trades until she 
reaches the west 
winds of the 
Northern Hemi- 
sphere. No sail- 
ing vessel tries to 
go westward past 
Cai)e Horn if she 
can help it. At 
times the winds 
are so strong 
there that the 
feat is utterly im- 
possible. 

Ships going out 
to Australia carry 
cotton and 
woolen goods, 
machinery, lum- 
l>er, wix)d, and a 
great many man- 
ufactured articles, for Au.stralia is a thinly 
settled country with a great deal of dr\ land 
suited only to pasturage. She does not 
manufacture much. But she* has plenty of 
things to sell. Kngland buys from her large 
quantities of wheat, butter, frozen meat, 
hides and skins, a certain amount of gold and 
cop{>er, and, above all, wool, which is the 
country’s leading c.xport. New Zealand tcK> 
sends the mother country these same wares, 
and large quantities of dair> products, of 
which she e.xports more than any countrv in 
the world, for she has more grass than 
Australia. 

Cargoes Back from Australia 

At times ves.sels reaching Australia have 
to hunt about for a cargo, but they can 
always fall back on Australian coal to take 
to i)orts in the East Indies or to Hawaii, 
where sugar is to be had, or even to San 
Francisco, where a variety of wares can be 
taken on, once the coal is unloaded. Chile, 


too, is W'illing to take coal in exchange for 
nitrate of soda. 

Vessels from the United States arc very 
likely to have to search for a cargo on reach- 
ing Australia, for though w^e send her a great 
deal of goods by way of the Cape route, 
about all wx* buy from Australia is wool, and 
that is handlt'd ])y the J^ondon markets. 

Lumber, machin- 
ery e.specially 
.‘'Uch as may be 
used for farming 
iron and steel 
man u fac lures, 
leather goods, 
and a host of 
other article's that 
our factories turn 
out are all in 
demand in A us 
1 1 alia. But once 
lhe\ have been 
(leli\er(‘d, the 
ships that cairied 
them must look 
elsewhere for 
inisiness 

From what we 
have said il will 
be plain that there is not much trade dirc‘i tly 
c*ast and west across the Nnitli Atlantic and 
iKe South Pacilic '1 he reason is ])lain 1 he 
ccjunlries bordeiing on those se<is are all 
relatively new', and are in the same stage 
of industrial develoiuneiU. I heir climates 
too are about alike, hor iIksc* leasons the 
products are .similar and there is no particular 
reason for exchanging them What those 
countries do want is the piodme of the 
tropical lands farther north and of the manii- 
fac taring countries of the Northern Hemi- 
sphere. They want te.xtiles from England 
and machinery from the United States. So 
the ships that visit the ScMilhern Hemisphere 
come clowm from the north, for the most 
part, and go back north when they sail. 

Routes to South America 

South America is visited by a great many 
lines and tramp ships coming from Europe 
and North America. Some of them skirt 
the shores of the Caribbean, taking in the 



Photo by Cornini Staudartl Oil Co. (N J ) 

This giant tanker plies the ocean regularly between Texas 
and New York. Here it is taking on its cargo of oil at Corpus 
Chnsti, noted for petroleum exports. 
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West Indies on the way. In exchange for 
rnachincry and every sort of manufactured 
article they take home the produce of those 
tropical lands cofTce, gold, and platinum 
from ('olombia; asphalt and i)ctroleum from 
Venezuela; cacao, sugar, |)etroleum, and 
asphalt from 'Irinidad; and bananas and 
other fruits from a good many jdates. 

Trolley Cars by Muleback 

Ilecause South America has no good sys- 
tems of inland transportation she has few 
large poits where goods are gathered for 
shipment. Instead, shi|)s must stop at 
dozens of little |>orts along the coast, where 
short trade routes have brought down wares 
produced a little way l)ack from the sea. 
Often on the western coast these goods have 
come o\(‘r ])erilous trails on the backs of 
mules and the automobiles and trolle> cars 
that the shij)S bring in must go back over the 
trails in the same laborious way I 

The great '♦« ' 'on Ri\ei in Brazil is of 
tremendous scTvice on this \ery account. 
It llows through the rubber country and 
canies rubber, Brazil nuts, and cacao to 
occ*aii \essels at Manaos (ma-mi'ost, S6o 
mile's from the river’s mouth, and to Para 
t|)a-!a'b on the coast. Bahia (ba-e^l) and 
Pernambuco ( piir'nam-bu'ko^ .ser\e a tropi- 
c'al legion that sells sugar, cotton, toi)ac'co, 
cacao, and hides 

The Great Coffee Ports 

But Brazil’s great ports are Rio de Janierc» 
(re'e") da zha-na'n")) and Santos (san'tozh). 
'I'hev are the ones that ship the vast cjuanti- 
ties of coffee which make up the country’s 
leading e\|)ort. Naturally, since the United 
Slates is a coffee-drinking nation, we take 
large quantities of it from Brazil. And \vc 
sell her machinery and other goods, though 
she buys a great deal in the way of manu- 
factures from Kuropc. So what regularly 
ha|>|)ens is that ships leave hurope loaded 
with coal, cotton cloth, machinery, and other 
manufactured products, which they exchange 
in Brazil for cargoes of coffee to take to the 
United States. And since Kuroi>c is always 
eager for our farm products and certain 
kinds of machinery, the ships go on back to 
their starting point with loads of wheat or 


lumber or farm machinery. Southern Brazil 
has of late years been exporting more and 
more oil seeds, frozen meat, and mate 
(miUtii), a kind of tea. Since the outbreak 
of World War II Brazil's trade with the 
United States has grown very fast. 

Buenos Aires, in Argentina, gets produce 
carried down to her by the Plata fj)la'- 
ta) River, and has become the leading city 
in South America. Because she serves new 
(ounlrics in the 'I emperate Zone she ships 
vast (quantities of grain and meat, as well 
hides and other animal products. She gets 
back much the siime commodities as Brazil 
many of them less bulky than the ones she 
ships. So it often happens that the boats 
which carr\ away her bulky products are 
those which have come over from Sinith 
Africa, where they unhjaded a cargo without 
being able to ])ick up one to take home. 

The Nitrate Ports 

Along the we^t coast of South America 
the j)orts are all small, though in Chile 
Tquique (e-ke'ka), at the end of a short rail- 
road leading into the nitrate district, has 
quite a trade, and .Vntofagasta (an'to-fa-gas'- 
la) ships nitrate and large quantities of 
copper, as well as siher and other ores. 
Chile’s nitrate trade has fallen off great!) of 
late, since chemists have learned to gel 
nitrate easily from the air. Besides the 
products w’(* have menliuned she sells the 
world iron and iodine. We ha\e alreacl) 
said that many of the vessels that carry 
aw’ay nitrates from Chile and ores from all 
along the coast have come across the Pacific 
w'ith coal from Austialia. They go north 
and pas.'' through the Panama Canal. 

West to the Far East 

We have left till the last the story of a 
route lh.it is comparatively new but that is 
growing fast in importance. It reaches across 
the North Pacilic, and connects North 
America w’ith Eastern Asia. B)- way of the 
Panama Canal it joins the busy trade of the 
Atlantic. More and more goods pass over 
it, as we exchange larger and larger amounts 
of raw cotton, iron, lumber, machinery, food- 
stuffs, and petroleum for silk, drugs, tung 
and other oils, tea, and various curios. 
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Those things that we sell the Orient take 
up a good deal more room in ships than do 
the things we buy, so many vessels from the 
Atlantic^- most of them carrying oil come 
back to our own west coast in ballast and 
there pick up grain to carry on home. Van- 
couver (viln-kor)'vcr), Seattle, Portland, San 
Francisco, and Los Angeles, all send out 
numerous cargoes every year. Kuropean 
vessels are likely, as we have said, to go to 
the Far Fast by way of Suez and then sail 
on home across the Pacific and through the 
Canal. The}' always can find a cargo some- 
where in North America, for the continent pro- 
duces a great many important raw materials. 

Some Surprises in Direction 

Unless you have a globe beside you it will 
probably be a surprise to you to learn that 
ships sail to China and Japan by going, not 
west, but north. For the Pacific is so wide 
that the great-circle route between San 
Francisco and Yokohama (yo'ko-ha'ma) 
the great Japanese port at which nearly all 
ships stop would skirt the Aleutian (a-lu'- 
shin) Islands, ofT the coa.st of Alaska. It is 
even more surprising U) learn that a line of 
airi)lanes following the shortest route be- 
tw’een the Panama Canal and Canton, the 
great city of Southern ('hina, would un- 
doubtedly stop for mail and fuel at Detroit 
or Chicago. Sur|)riNCs like these show how 
greatly the fiat maps wv se«* (»n a printed 
page may deceive us. 

Once arrived at Yokohama, an important 
coaling station, a ship has only to keep 
straight ahead to reach the great ports of 
Shanghai (shang'ha't) and Hongkong in 
China. Since the Japanese earthejuake of 
1923, Kobe fko'bC), in Western Japan, has 
also been doing a lively trade. Manila, in 
the Philippines, lies at the end of this long 
route. 

What Do We Get from Alaska? 

By bearing off a little to the right on 
leaving San Francisco or Puget Sound a 
vessel will reach Alaska, with its ports at 
Sitka, Juneau, Skagway, and Seward. That 
picturesque land needs the machinery, food- 
stuffs, and countless manufactured articles 
that a new country cannot supply for itself. 


Its mining and fishing industries and its fur 
trade supply goods to send in exchange. And 
most of those valuable wares must go by 
.ship, for there is no railroad out. 

A ship sailing to Hawaii will have to keep 
well to the left and sail far south of the main 
northern route. Hut many vessels make the 
journey, for Honolulu ships large quantities 
of sugar, pineapples, and other fruits to 
e.xchange for all the foodstuffs and manu- 
factured goods that she gets from the United 
States by wa}' of San Francisco. And of 
course many ships will stoj) at Honolulu on 
their w'ay to Southv\est Pacific i)orts. 

Steamships on the North Pacific must 
carry coal all the way between the North 
American ports and Yokohama. San Fran- 
(isco has none very near, but she import.s it, 
as we have said, from both Jajian and Aus- 
tralia, in ships that would otherwi.se have to 
cross the Pacific in balla.st. At the other enfl 
Japan has a good supplv for ships setting 
.sail. 

Sails on the Pacific 

Traffic in these northern waters Ins dc 
veloj)cd .since the middle of the nincleenlh 
century, and therefore since the day of sail- 
ing vessels. Hut while wings still scour the 
Pacific. Coming eastward they take advan- 
tage of the brisk westerly winds that blow in 
tfie neighborhood of the fortieth parallc’. 
Going westward they turn farther south and 
take acl vantage of the northeast traflc win'l.s. 
In both the .\tlantic and Pacific, sailing 
vessels dread the /.one of calms that lies in 
the neighborhood of the lujuator. 

The Branches on the Tree 

Now of (oiirse the great ocean highways 
that we have been describing are the trunk 
lines from which countless branch lines 
spring -coasting vessels, ships plying be- 
tw'een islands or jiorts on inland seas, river 
traffic that brings down products to the 
w’orld’s great market routes. Ports gather 
the wares together and ship them off across 
the world. The whole network of transpor- 
tation is something too vast and too compli- 
cated for the imagination to grasp. Yet on 
its smooth working our highly geared modern 
life deiHinds. 
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Which are the world's finest har- 
bor^? 

What is the difference between an 
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freight cars that come across 
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John Masefield s poem “Car- 
goes." 
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busiest and most efficient places 
in the world— of the greatest im- 
portance to a nation's prosperity. 
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Sydney’s magnificent natural harbor has turned the tiny which handles most of Australia’s exports It was a 

pioneer settlement of 1788 into a great commercial port major supply base in World War II 


The BUSY ROMANCE of the HARBOR 

Seated between the Sea and Land and Giving a Hand to £ach, a 
Great Harbor Links Nation to Nation and Race to Race. Our 
Busy Modern Life would be Impossible without Our Ports and 
Their Equipment of Docks and Terminals. 


RACht L LLY, mdjesticdll> viith 
man> a warning toot for the smaller 
cratt swarming about her, the great 
ship steams slowl> into the harbor Once 
more she has made the vovage over thousands 
of miles of s(‘a, bearing her precious cargo of 
freight and lives She has taken on the pilot 
whose business it is to guide her among the 
ever shifting sand bars which, in s|)ite of 
dredgers kept constantly at work, alwa>s he 
in wait to trap a heedless vessel As she nears 
her “berth'^ the place where she will dock 
her engines are silenced and a flock of little 
tugboats, sounding shrill, self-important 
whistles, steam up to tow her the rest of the 
way and “warp*’ her to her pier They push 
and pull and nose and shove her into the 


narrow slip, tor thev arc cpiick and lusiv 
and are handled with ama/ing skill I vtn 
then thev mav misfalculale, and the great 
vessel, powerless to manocuver in so small a 
space, mav take olf the end of the dcKk before 
she comes to rest 

But our <xean liner is not the onlv vessel to 
come to port to da> \ bev\ of pretty 
>achts, a live masted schooner sailing from 
Cape Cod wav, a half-do/cn sobei freighters, 
tankers, a battered tramp or so, all have 
business here and all hnd a comfortable spot 
to go to bed after their journev 1 he shores 
are lined with wharves where dozens of boats 
are already tied, waiting for loading or un- 
loading The water front is a forest of spars 
and funnels 
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No wonder we can idle here by the hour, 
watching the feverish bustle, listening to the 
shouts of the men who manage the cranes, 
snifTing the tang of sea and tar and the dusty 
odor of .the cargoes. Wc shall hear every 
language under the sun, and see the flags of 
all the world’s great seafaring nations. To be 
sure, the docking of a ship does not create the 
excitement to-day that it caused in days gone 
by, when all the pet)ple 
of the town came 
thronging to the shore 
to get news from across 
the .sea and to glimpse 
strange wares from 
other lands and climes. 

To-day the larger sea- 
j)orts are great bustling 
(ities w'ith a l)usy life 
of their own, and much 
of the old romance is 
gr)ne for many j)eople. 

Hut not iw. ihose 
who understand the 
driving energy and the 
gigantic |)roblems t)f 
our modern day' Our 
thronging com mere e 
has (•rowde<l into the 
great ports until they 
stretch for miles along the water front, with 
docks, i)iers, and \Narehouses of \ast si/e. 
'rhere are huge nuuhines to do all sorts of 
jobs gigantic cranes and derricks, winches 
and windlasses, mo\ing platforms and con- 
ve\ors, electric trucks, railways, tugboats - 
and a small army of men who work at special 
trades. A modern port is c>ne of the busiest 
and most eiVicient places in the world and 
very com|)licated. Days would be needed to 
sec it all. 

Now a port, whether it lie on the shore of 
an ocean, lake, or river, is really only a 
harbor. It includes the water area where the 
ve.ssel.s lie while loading and unloading, and 
the land area where goods are stored to await 
the sailing of a vessel or are held until they 
can be sent on to their final destination by 
truck or train, by coastwise or river steamer. 
A port is merely a link in a v^ast transporta- 
tion system that reaches out over the whole 
world. As such, it is of tremendous impor- 


tance in the commercial life of a nation-— of 
all nations. 1'he well-being of farmers and 
miners, of factory workers, business men, and 
bankers, de|)enrls upon the way a nation’s 
IKjrts handle their tasks. 

Practically every great port in the world 
lies either at or near the j)oint where a river 
empties into an ocean or lake. In earlier 
times [)orts usually lay a considerable dis- 
tance above the river's 
mouth, so that ship- 
ping would be safe 
from pirates raids. In 
those days the small 
sea-going vessels could 
easily make their wmv 
up the shallow river 
channels. Hut when 
men began to build 
vessels of deeper draft 
— that is, vessels so 
large that thirty or 

forty feet of w’ater is 
neces.sarv to float them 
ri\er ports that had 
earlier been great cen- 
ters of foreign trade 
either lost much of 
their business or in 

some cases went out of 
existence altogether. Such was the fate of 
Paris, of Cologne fkb-lon') in (iermany; anrl 
of Bruges (bru/h) in Belgium. All saw 
most of theii trade slip away. Various 

other ports among them London in Eng- 
land, Hamburg and Bremen ibrem'en» in 
Ciermany, .Antwerp in Belgium, and Bordeaux 
tbeVdo') in France were al)le to w’iden ami 
deepen the river channels that led to their 
docks and so kept their commercial im- 

portance. Of late Paris too has regained her 
old trade 

The Greatest Natural Harbors 

1'he very first lectuirement of any port is 
that it be able to shelter shiiis from a storm. 
Csuall> the river or bay where the |K>rt is 
IcK'ateci gi\es a natural shelter. New York, 
San Francisco, Sydney in Australia, and 
Hongkong in China are the w'orld’s finest 
natural harbors. But there are other ports, 
most of them on rivers, where great engineer- 

-M5 
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Once all the shipping of the world came to port in 
harbors as primitive as this one at Manila, in the 
Philippine Islands. Today the quaint native craft are 
giving way before the ocean giants that crowd the 
great world ports and as a result, you and 1, and the 
people of Manila as well, may have the wares of every 
land the sun shines on. 
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The longshoremen in this picture are not working very without much help from human hands. These cranes 
hard, *or they know that the dockside crane will load make the loading of baggage and freight a simple mat- 
their lUge autobus on the freighter in a few minutes, ter, and enable ocean liners to make a quick turnabout. 


ing works known as break vs atcrs have been 
built in order to give vessels a safe berth 
Some of these i)orls include tidal basins and 
piers, and locks By these niean^^ shii)s are 
kept afloat within certain areas when the 
tide is low. Liverpool has siuh a huge dock 
works. The tide there rises and falls some 
twenty-five or thirty feet, and as a conse- 
quence large vessels must come in at high 
tide, enter a basin, stay locked there at a 
permanent w'ater level while they are held 
for discharging and loading, and then leave 
the basin and the port at another high tide. 
Among the famous river ports of the world 
arc London, Bristol, and Hull in Knglandv 
Glasgow (glas'go) in Scotland; Philadelphia, 
New Orleans, and Portland, Oregon, in the 
United States. Liverpool and Plymouth in 
England, Cherbourg, fshdr'bdbr') and Mar- 
seilles (mar-saU') in France, (ienoa fjCn'6-a) 
in Italy, Yokohama (yo'ko-ha'ma) in Japan, 
and Los Angeles in the United States arc 
famous for their breakwater systems. 


Certain ports of the world, some ol them 
\Tr> great ones, are known as ‘‘overside 
ports ” In these a vessel transfers its cargo 
to a barge, lighter, or coastwise vessel that 
immediately carries the freight to other 
vessels 1> ing in the harbor. Plainl> , no great 
array of j)iers and warehouses is iuH*ded at 
any such t)ort. London and .Amsterdam are 
famous overside ports. At other ports, 
known as quay (ke) jiorts, the cargo of an 
incoming vessel is discharged to a pier. There 
it is stored, sorted, and reloaded to truck or 
railway, to be carried on to its final dcstina- 
ti<jn At such a ])ort one will find great 
“terminals” for receiving and storing goods. 
New York is Amcrira% greatest quay jiort, 
but Baltimore, New Orleans, San Francisco, 
and Portland, Oregon, are all imjjorlant. 

What Is a Port of Entry? 

According to the business they are chiefly 
engaged m, ports are known as ports of 
entry or as transit ports. A port of entry 
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<l( pends upon n i-lMs It a il Mihva\ 
t(rnimil and must have huj^i waithouse 
liLililus Most ol out gfcat Vnuru.in ports 
.lie ol ihi^ kiml «is arc ilso I ondon an<l 
IiNcrpoo], iliiiibui^ ind ibuiicn, Boi 
dnu\ Miis( lilts, \ okoh ima ind Hue nos 
\iris fl)\N i^ios I'l IS) in Xi^'tnlini Sinii 
iIrsi polls aic surrounded 1 )\ \asl, dtnsth 
populated aieas where there is a deal 

of inanufae lunnj^ and an enormous po])ula 
tion de m.indinf^ ill soits of artieles the\ 
naliii.ilK handle a wide \uiel\ of goexls 
^oin>^ l)e)th 111 and out I he n ituial and 
manuhietuied jirodiiets e>t llu sur founding 
le^ion whieh is known .is the hinleil.ind 
.lie hreiiighl to tlie |)e)it 1 )\ ineisand eanals 
l>\ tail, anel l)\ tiiuk \t the jioii the\ lie 
j)ul aboaid eiafl that e.in\ them to .ill parts 
eif the woilel In exchange, \essels earning 
raw matcMials .ind manuf.u lined goods heim 
abreiad ehseliaige at sueli i junt .ind then 
eargocs art then ehstiibuted thioughout the 
hinteilanel Ihe gieat si/c e)l such ports as 
iNew \e)ik, Philadeliihia, Hallimore and 
New Oilcans is e.is\ to unelersl.intl when we 
remember th.it the greater [lait of the jiop- 
ulation of the I mti'd Stales is (|iiiekl\ anti 
easil> rcMehcMl from theise gu\it gitewixs 
Often a pe^rt eif entix lies inlanel, as \lban> 
and bt Louis do 


\merieas great transit jiorls Oiiluth 
Huttalo anti (laUeston tgilNestun' arc 
almost entire I\ given over to the handling of 
a single eommtKlitv Duluth ships tire to the 
other (ire at l^ake ports and some ol it abroad 
thrtnigh the Well ind Canal which earrie*: 
lioats around \iigara I alls Buffalo ships 
wheat (lalvtston eotton and oil Houston 
(hus'tun), lexas re illv a canal jiort, smee 
It lies tiftv live miles from the Ciulf of Mexico, 
with which It is eonneetetl bv a ihannel cut 
through (uilvtston Bav nehielh given oxer 
to the Nhijiment t)I till Ihe transit ports of 
Xmeiiea ser\e hinterlamls rich in natural 
jiiothiets but lathe 1 spiistK settled \t 
these ports ihi eaigoe^ ait handled me e ham 
ealiv Ole 1'' h.iuled b\ train to the port of 
Duluth, and transterred to Mssels b\ means 
of gr.iMlv \l BulTalo wheat and corn are 
meehanieallv hoiskd into tall grain elevators 
wile me lhe\ loo pom inti> the holds ot wail 
mg \ esse Is thioiigh the force of gravit} done 

The World’s Greatest Port 

Handling the wares that pass m and out 
of the port ot New ^ ork presents \astl> 
gicMter pi ol lie ms since heie is leaded nearlv 
eve IV natuial and manufactured commoditv 
known to man Management ot the port 
involves the building, maintenance, and 
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supervision of piers and warehouses, tug- 
boats, lighters, barges, and loading and un- 
loading equipment of many kinds. There 
must be derricks and hoists for lifting barrels 
and boxes from the pier and setting them in 
the ship’s hold. Some- 
times, of course, it is 
necessary to lift a 500- 
ton locomotive and 
set it down in an ocean 
freighter. That is 
done by huge electric 
cranes, and done as 
carefully and effec- 
tively as you put the 
cap on your fountain 
pen. Besides machin- 
ery for handling car- 
goes, there must also 
be equipment for bid- 
ing vessels with either 
coal or oil, for \ict- 
ualing (vit^’l-lng) ves- 
sels — that is, furnish- 
ing them with foixl 
supplies for a voyage 
— d for loading 
stores of fresh water 
and ice on ships not 
equipped to [)roduce 
their own supplies. 

Great staffs of 
workers have to be 
supplied and super- 
vised at every large 
port. Hundreds of men examine and check 
every lot of freight to see that is is in goo<l 
condition, that is is properly marked, and 
properly placed on shipboard. Thousiuids 
of other men- -very skillful at their business 
— are busy day and night loading the vessels. 
Pilots who know the harbor channels must 
be on hand to bring ships up to the docks 
and to take other ships out to .sea. There 
must be quarantine inspectors whose bus- 
ine.ss it is to examine crew and cargo so 
that no incoming vessel may bring disease 
into the country. A corps of guards and 
watchmen patrols piers and warehouses 
to guard against theft of goods in ship- 
ment. Another corps of men supervises 
the handling of freight so as to guard against 


fires and explosions, since a vessel is as. 
likely to carry dangerous chemicals, oils, and 
explosives in its cargo as it is to carry coal or 
cotton. And even coal and cotton are danger- 
ous if im[)roptTly loaded. 

Strange a.s it may 
seem, the loading of a 
vessel is not only an 
art but also a science. 
A great many imj)or- 
lant things depend 
u[)on ])ro])er loading. 
First, unless the car- 
gt) is properly stored 
some of it may be 
badly damaged during 
the voyage. .Since the 
owners of freight must 
be repaid for any 
damage done to the 
cargo, the steamshij) 
and insurance com 
panics may lose a 
good deal ot money 
unless !h(‘ freight is 
properl \ j)la( ed 
Second, a barlly plac ed 
cargoma\ bringal)out 
damage to the shij), 
or even the Toss of the 
\essel and its crew. 
kAen in a gentle sea 
ashii)rid(‘sunsteadil\ , 
in a storm the largest 
liner tosses about 
ma<lly. Tnless it is j)roperly j)laced, the car- 
go shifts from side to side and the vessel is 
certain to develoj) a list -that is, to tilt to one 
side. When this happens the ship’s machin- 
ery may be strained or broken and the vessel 
disabled. At the very least the ship is made 
less seaworthy and more difficult to manage. 
Plainly, the safety of the ship and all on board 
depemds directly upon the storing of cargo. 
Third, if a ship is to make money for its own- 
ers, it must complete every voyage as cjuickly 
as it can and so make the greatest possible 
number of voyages in a year. The more 
quickly the vessel can discharge its cargo and 
take on another, the sooner it can set out up- 
on a fresh voyage. And the speed with which 
it can do these things depends upon the skill 
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Large quantities of rubber latex reach the United 
States, where it is manufactured into the raw rubber 
so widely used to-day in making countless necessary 
articles, including the tires of the cars on which 
modern life depends. Unloading at New York is 
speeded up by bringing these railroad tank cars to the 
ship’s side. 
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• and judgment used in storing the cargo. 

• Oddly enough, the ship’s crew neither loads 
nor' unloads a vessel. The handling of a 
cargo is undertaken hy a contractor known 
as a stevedore (steVe-deV). 'Fhe in(‘n who 
actually do the work are called longshoremen. 
Hundreds of them arc on hand \\hene\er a 
vessel docks, 'rhev 
are hired for a 
shift of six hours 
at a time. Since 
the aim of the 
stevedore is to load 
t h e \' e s s e 1 as 
raj )idly as possible, 
he is unwilling t(^ 
employ any long- 
shoreman for a 
longer time than 
his service's are 
needed ('onse- 
c^uently any or all 
the longshouiucu 
may be <liscliargod 
at the end of six 
hours' work. 

1'he proper 
j)lacing of ( argo in 
a \esscl is known 
as “trimming." The ,slii|> must i)e so loaded 
that she ridc's the water on an even keel. 
Since a ship’s cargo may include an> thing 
from a silk handkeri.} i.*f to a steel rail, 
since some goods are shi[)ped in barrels, others 
in bags, bales, and boxes, and still others loo.se, 
since some ])arcels are heaw, others fragile, 
some in crates, others uncrated, the proj)er 
storing of cargo is a comj)licated matter. 
Heavy parcels must be kept in ])lace by 
“chocks” wedges or blocks i>f wood lo])re- 
vent shifting w'hen the ship rolls at .sea. 
Mats, calk'd “dunnage,” must be jdaced 
between bales to avoid too much rubbing. 
•Light and fragile parcels must be stored on 
top of larger, heavier ones. Shi j mien ts of 
strong-smelling goods, such as oils and 
spices, must be stored where they will not 
t'^int other items of the cargo, such as butter. 
Most important of aill, the whole cargo must 
be so stored that any part of it may be 
reached immediately at the first port; for 
often only a part of the cargo is unloaded 


there and the space left in the hold may be 
filled again with goocls of another kind 
altogether. When it is kept in mind that 
vessels on one steamship line between New 
Vork and Chile' sto|) at forty-seven ports in 
the course of a single vo\’age, one can reaclily 
understand what skill is needed for properly 

placing a cargo. 

.Some commod- 
ities, such as coal, 
ore, and grain, are 
loaded in bulk 
Fhe entire hold of 
the vessed is filled 
with the ('argo 
Hut even a load of 
this kind must be 
proi)erly trimmed, 
otherwise it will 
.shift and .settle, 
and the vessel will 
develop a list dur- 
ing the xoyage. 
The hold must be 
well ventilated, so 
as to carry off ex- 
plosive ga.ses gen- 
erated by grain 
and coal when the\ 
are stored in large (pian lilies. Tankers ves- 
sels whose holds are filled with oil - must be 
ventilatc'd and cooled as well, lest the heat of 
the sun cause gases to burst into llames. 

When all such goods as have been men- 
tioned and countless other sorts are un- 
loaded, they must i)e cared for. All great 
|)orts have spt'cial docks .set aside h»r the 
use of tankers, .so that in case of fire other 
shi])]>ing will not lie in ilanger. There must 
be refrigeratc'd warehouses where cargcK'S of 
fruits and meats may be stored; these ware- 
houses have rooms kept at different tempera- 
tures, so that each commodity may be 
suitabh ('ared for. At every port there arc 
yards for coal and for lumber, elevators for 
grain, and sheds for steel and mineral prod- 
ucts. All such eejuipment is part of any 
great terminal. 

To all the vast arrangements already de- 
scribed, still others must be added. There 
must be yards and sho])s for the repair of 
vessels. There is usually a dry dock where 
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Through this busy port of Hongkong passes commerce between 
North and South China and between China and the outer 
world. But the ocean liners that carry it cannot go up the 
Pearl River beyond Whampoa, so Canton and many delta ports 
of the province of Kwantung must depend on quaint river 
boats called junks, and on these little covered craft called 
sampans. 


-MO 


THE BUSY ROMANCE OF THE HARBOR 


a ship can be placed in a so-called “cradle** 
while the water around it is pumped away to 
allow the vessel's hull to be scra|H‘d and 
painteil. There are fleets t)f tugboats for 
moving huge craft about in narrow places 
or shallow waters. Lighters and barges must 
be on hand for moving cargoes and freight 
about the harbor. Finally, an elaborate sys- 
tem of sirens, lights, buoys, and beacons 
must be kept in order, so that vessels may 
move about safely in the waters of the port. 

How Big Is New York Harbor? 

A modern harbor is indeed a city in itself. 
The waterfront of New York City, which is 
the world’s greatest harbor, extends for 050 
miles -a distance greater than the distance 
from New York City to ('olumbus, Ohio. 
The waters of the |>orl are sex oral hundretl 
square miles in extent. And every two hours 
of the year an ocean-going vessel either enters 
this harbor or leaves it for st)nie distant port. 

Money for building and maintaining such 
gigantic enterj)rises as seaj)orts comes from 
various sources. First, there are the fees. 
The,c are paid by shipowners for the right 
to (lock, for the use of piers and other port 
equipment, and for the services of pilots and 
tugboats. Because the.se fees an* very high, 
shijjowners make every effort to get their 
X’essels into port and out as ciuickly as po.ssi- 
ble. Other funds arc contributed jointly by 
the national, state, and city governments, 
'rhis money is raised by taxation, ‘^ince every- 
body benefits from a i)orl either directly or 
indirectly. 


liecause various agencies contribute to the 
support of a port, they are gix en joint control 
of the enterprise. Tn our own country the 
I’nited Slates government has complete (xm- 
trol of all navigable waters. Army engineers 
keep the harbor surveyed, attend to the 
widening and deepening of chaniuls, and reg- 
ulate the location and construction (f piers, 
wharves, and warehouses. Cuaiantine in- 
spection is also in the hands of the national 
government. I’lie governn enl of the state 
makes certain other regulations, as dues also 
the government of the sea|)ort (ily. The 
city often tinances the building of piers and 
warehouses, some of which are rented for a 
term of years to shipowners who have sole 
use of them. 

Who Manages a Port? 

Since various agencies .share the control of 
a port, affairs are usually simplified by turn- 
ing over all details of management to a gn»up 
of men known as a “port authoritx .” This 
group includes finam iers, engineers, arihi- 
tecl.s, experienced shij)o\\ners and .shipping 
managers, and ()ther e\p(*rts who are skilled 
in every pha.se of aitivity related to the con- 
duct t)f the ])ort. .V plate in llu‘ (xunuil of a 
port authority is of great impoitaine, .since* 
the decisions of the members tan determine 
t 4 ie future not only of the j)ort itself but also 
of the nation it server, 'hhe well-being of 
mechanics and farmers and men hauls who 
have never even seen the sea lies to a great 
degree in the hands of the nation's port 
authorities. 
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Reading Unit 
No. 14 


INLAND WATERWAYS 

Note: For basic wjormatwn For st at istu aland (nrrvnt \actSy 

not found on this paf^r, consult consult the Richards Year Hook 
the f'cncral Index, VoL 75. Index. 

Intere.stinit Facts Explained 

Why cities depend on good rivers, 10 259 

JO 25^ Russia's gigantic network of 

The great shipyards on the (1\de, rivers, 10 -260-62 

10 254 Persia's trade route from Teheran 

How France uses its waterways, to Baghdad. 10 264 

10 255 The junks that crowd the ('hinese 

'Ihe storied cities of the Rhine, rivers. 10-265 

10 256-57 The use to which American rivers 

'The ctumtries along the Danube. have lieen put, 10-267 

Thinfis to Think About 

How' did early men show their Why is Russia's means of com- 
love for their river^^ munication poor? 

Which of the important (iti(‘s of Hf»w is ( hina awakening to our 
the world are built on the modern world? 
banl^^ of rivers? How great is ihe water-borne 

What gave Berlin its great im- freight that pas.scs Detroit? 

j)or lance.*' 

Picture Hunt 

How do l)oats “go downstairs" in 10 256 

lanaU.-' 10 20.4, ?(U) W'hy are the waters f)f the Dan- 

W'hv is the Hudson not a river in ube as often yelhnv as blue? 

the true sense of the word? 10 262 

Related Material 

W hat is the legend of the Lorelei*' the art of the spider? 12-16 v 
12-254 7- 

W hat uses do w^e make of the soy- W ho was ( ecil Rhodes '* 5 -486- 

bc\in? q 214 

W'hat kind's <»f fish do we like to W hy did the '^pice merchant have 
catch? 3-2 ^5-42 a lively time in olden days? 9- 

How' has human hand outdone 206-7 

Summary Statement 

Rivers and canals offer the United States has the most con- 

cheapest of all means of trans- venient system of waterways in 

portation and in manv countries the world. Hut though she uses 

are widely u.sed for .shipping it more than formerly, .she is still 

bulky, slow-going goods. The far from making the most of it. 
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Photo bj New Orloan<i A-tsotiatlnn of ('nmm^rre 


This is the great river that carries cargoes into the sippi Valley. Though it stands at the nation’s southern 

heart of the United States. And this is New Orleans, gateway it is not at the river’s mouth, but is 107 m«les 

largest city in the South and the nation’s second bus- upstream. The large ship at the left is unloading 

iest port. It is now an outlet for the whole Missis- coffee from South America. 


The GREAT CURRENTS of INLAND TRADE 

Floating Down the Rivers, Rushing along the Rails, the Many 
Wares That Men Are Constantly Exchanging Are Carried 
Near and Far by a Great Network of Rivers, Canals, 

and Railroads 


F you should he given se\eral billion 
dollars to build a great city, what kind 
of site would you choose^ There 
would be a number of things to bear in mind. 
You would of course look about first of all 
for a prosperous, free nation — one where 
tyranny had not crushed the free expression 
of opinion and the search for truth, one wheie 
an enlightened people was in command of its 
own energies and not ground under the heel 
of a dictator or a ruling class. Only in such a 
nation could you hope for the stable govern- 
ment that is necessary for prosperity. 

Xext, of course, you would look for a 
country with rich soil or certain other phy- 
sical resources, for great cities cannot thrive 
unless the i)eople in and around them are 
able to earn a good living. Deserts do not 
support great centers of population. You 


Nvould almost certainly plant your city in 
the Temperate Zone, for it seems to be there 
that men work best and li\e most vigorous!) 
And you probably would choose the Northern 
Hemisphere in order to be in the heart of 
things, where there would be plenty of people 
to buy your < ity’s wares. It costs money to 
ship goods a long distance. 

Now if you had met all these requirements 
sou w'ould ha\c a good start, but there would 
still be one thing you had not thought of, an 
advantage great cities seem to find it hard 
to do without. You would have to look 
about for a good river. If your city is to be 
a port, you will expect your river to furnish 
a water front for ships. If your city is built 
inland you will want your river to offer cheap 
transportation for your wares or perhaps 
cheap power for your factories and lights. 
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.Tt may even furnish your water sup])ly. It 
is. hard for a first-class city to get along 
without a good serviceable river. 

This was even truer before the day of 
modern invention. Ancient man depended 
on his rivers more 
than we depend on 
railroads. He loved 
them, and wove them 
into his life until he 
even came to worship 
them. To this day 
the Changes (gSn'je/) 
is held sacred in India, 
and hundreds of 
thousands of believers 
make pilgrimages to 
bathe in its waters. 

In fact, to early men 
rivers often meant life 
itself. I'he Nile, the 
Tigiis (tl'grls), and 
the Euphrates (u i../ 
te/) brought water to 
grow the ciops of 
the greatest [leoplesof 
early history. 

'Hien, as age f<jl- 
lowed age, stream.'^ 
began to carry more 
and more of the trade 
that grew as the na- 
tions grew', 'fhough 
the ocean is the great 
highw'ay of world 
commerce, the ri\ers 
w'ere relied on for 
many centuries to 
lake goods back and 
forth inside a nation's 
boundaries. And even 
to-day they give us 
our cheapest means of inland transportation. 
A boat needs no expensive roadbe<l to be 
kept in repair and patrolled day and night 
for the safety of passengers and goods. 

The Famous Tiber 

So if you will loc^k at a map of the world 
you will find its great cities, for the most 
jiart, clinging to the banks of a river. Proud 
Rome, to be sure, had to content herself with 


the Tiber (ti'ber), a tiny stream and very 
muddy, but one of the largest in Italy. At 
its mouth w'as Ostia fos'tya), Rome’s ancient 
busy port. I'o-day Rome carries on her trade 
by rail, and (ienoa and Naples handle most 
of Italy’s foreign com- 
merce. 

London w\as already 
standing on the jdacid 
Thames wrhen 

Roman legions first 
reached Britain, and 
to-day she is the 
world’s sec ond busiest 
[)ort. Her magnifi- 
cent docks sec the 
loading or unbading 
of all the world's priri- 
cipal commcxlities — 
lumber, wool, metals, 
rubber, ixory, gaso- 
line, silk, tobacco, 
meat, sugar, tea, food- 
stuffs of all sorts, 
rum, spices, wines and 
li(|uc)rs, and all the 
multitude of manu- 
factured articles that 
are made from these 
raw products to be 
shij>i>ecl away again 
Before World War II 
a fifth of England’s 
jx^ople lived in Lon- 
don, a quarter of her 
wealth was centered 
there, and a quarter 
of her industrial out- 
put — mostly in the 
lighter industries — 
came from that gi- 
gantic beehive. 

Livorj)ool, loo, on the Mersey River, is a 
world-famous port, for it is coinenient to 
England's great manufacturing district. In 
particular, Liverpool handles raw' and manu- 
factured cotton. This busy sectiem of Eng- 
land centers about a number of cities, and is 
commonly referred to as “the North,’' except 
w'here, around Birmingham and Stafford, it 
reaches down into “the Midlands.” Man- 
chester, that amazing industrial giant, is 


PRINCIPAL FOREIGN RIVERS. 


River. 

Lg'th 

M's. 

River. | 

Lg’th 

M’s. 

Albany 

610 

Nelson 

1,660 

Amazon 

3 . 0 OO 

Niger 

2,600 

Amu Darya 

itSoo 

NUe 

4.000 

Amur 

2.900 

Ob 

3.200 

Amo 

75 

Oder 

550 

Athabaska 

765 

Orange 

1.300 

Backs 

605 1 

Orinoco 

1.700 

Brahmaputra 

1.680 1 

Ottawa 

685 

Bug (Dnieper) 

500 1 

Paraguay 

Parana' 

1.500 

Bug 

450 

2.450 

Churchill 

1.000 

Peace 

1.065 

Congo 

2 ,QOO 

Pilcomayo 

1,000 

Danube 

*.725 , 

Po 

420 

Darhng 

1.160 

Red (of No.) 

545 

Dnieper 

1.400 1 

Rhine 

700 

Dniester 

800 

Rhone 

500 

Don 

1,100 

Rio Negro 

1,400 

Drave 

450 

Riv. of Doubt 

950 

Dvina 

400 

Saguenay 

405 

Ebro 

400 

St John 

390 

Elbe 

700 

St. Lawrence 

1,900 

Euphrates 

1,700 

St. Maurice 

325 

Fraser | 

695 

Salwin ' 

X.750 

x, 8 oo 

Gambia i 

I 500 

1 Sao Francisco 

Ganges ' 

'■.’SI 

Sask'tch’wan 

1.205 

Garonne . 

1 Seine 

475 

Hamilton ' 

* 350 

Shannon 

250 

Hwang-ho { 

1 2 t 700 ' 

Si 1 

1,650 

Indus 

! I»700 , 

Sungari | 

I 1.130 

Irawadi 

1 1.250 ' 

Tagus 1 

‘ 550 

Jordan 

1 200 ' 

Thames 

“5 

Kootenay 

1 400 

Theiss 

800 

La Plata 

, 2,300 

Tiber 

245 

Lena 

2,860 

Tigris i 

1.150 

Loire 

' 650' 

Ural 

1,400 

Mackenzie 

2.525 

Vistula 

630 

Madeira . 

1 2,000 

1 Volga 

2,300 

Magdalena 

950 > 

Waikato 

220 

Maros 

t 500 

1 Weser 

500 

Marne 

310 , 

' Yangtze 

3,100 

Mekong 

2,500 

1 Yenisei 

2,800 

Meuse 

575 , Zambezi 

1,600 

Murray 

1 2,310 

1 



Many of these great rivers of foreign lands are impor- 
tant water routes over which large quantities of com- 
mercial products are carried safely and cheaply. 
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Europe’s most important river, the beautiful and 
romantic Rhine, has had a long history as an inland 
waterway. The Romans were probably the first to try 
to improve the channel and to make people pay for its 
upkeep. The Franks kept much the same system. Still 
later, the river fell into the hands of a number of greedy 


princelings who built castles on its nigged banks and 
collected taxes from all the ships that passed by. It is 
said that some of these petty princes put chains across 
the river just to make sure that no vessel would slip by 
without payi^l Not until 1868 did the Rhine become a 
free river. To-day it is a fine highway. 


one of these cities. Another is Birmingham, 
a center for the rubber, artificial silk, anrl 
motor industries, with liusy iron manu- 
fa« ‘uries and factories for making glass and 
machinery. Stafford and the tow'ns in its 
neighborhood ha\e long been famous for 
pottery. Leeds is know n tor making c lolhing, 
machinery, woedens, and furniture, anci for 
coal mining, fine jirinting, and the manufac- 
ture of leather. Canals connect it with 
Liverpool and with the Humber Ri\er 
Then, too, in this same district is Shetlield, 
a name that the w'orld connects with steel, 
wrhich this busy town has long manufactured 
in the finest grades obtain.ible And there 
is Bradford, England’s great wool- manufac- 
turing center, and the busy port of Hull on 
the Humber, w'ith its great fishing licet, its 
busy factcjries and shipvards, and its a(li\e 
shipping connections with tlie .Scandinavian 
countries. 

Famous Clydebank 

Under this whole region in Xortheru Eng- 
land lie plentiful supfilics of coal and iron, 
the real basis of the manufactures of the 
district. Newcastle-on-lyne is famous for 
its shipment of coal and has a large ship- 
building industry, though in that it is far 


outdistanced 1)\ (dasgow, whose* shipcauK 
along tht‘ river ('lvdi‘ build moie vessels than 
an\ other vatds in the work! 

Mighty Manchester 

Sirangelv enough, Mam luster, though 
thiitv-tive miles inland, ranks ne\( to I.ondon 
and Liverpool among British ixnts in the 
value of goods handled Slu* is, at the c(‘ntei 
of a network of rivers and < anals, and ihiough 
the Manchester Ship ('an.il (i«S(j 4 ) the 
immediate* cause of her amazing growth 
she* can send her waies to the* sea and gel the 
raw materials to larrv on her mightv manu- 
factures. Here is the woild s largest center 
for cotton maim fac tu res, which ,11 e nowadavs 
carried on in the (ountrv around Mane hester, 
with the vvareliousi's and ollucs in the city 
Here too is one of the world’s largest centers 
for making all sorts of machinery, ranging 
from locomotiv'cs to plants lor spinning and 
weav ing. Besides all this, Manchester manu- 
factures d>(*s, rubber, paper, read^-macle 
clothing, and a host of other things. 

On the continent of Europe, Paris has her 
place on a famous jrnd useful stream When 
she was only a little village she occupied an 
island in the Seine (sen), and all through the 
days when boats were small, seagoing vessels 
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came right to her door. To-day they must 
uilload their cargoes at Havre (a'vr’), the 
great port at the river's mouth. And yet 
the Seine now is made to work so hard that 
Paris is one of the 
l)usiest ports in 
France. She ranks 
along with Mar- 
seilles, largest of all 
the ports on the 
Mediterranean. 

It is not only 
that the French 
ca|)ital sits at the 
( rossroadsof travel 
for all Western Ku- 
rope, much as a 
spider might sit at 
the center of her 
web. besides that, 
the gifted Parisians 
have made every 
vear more and 
more beautiful and 
useful things out of 
the raw materials 
that come pouring 
in to them from 
every comer of the 
earth. Because 
Frenchmen are 
thrifty, they ship a 
good (leal of their 
wine and timber 
and wheat, their 
fruit and oil and 
vegetables, their 
lumber and coal 
and iron and build- 
ing products into 
Paris by boat. And 
by boat she can 
send out a part of 
the metal manu- 
factures, the chemiials, the china and glass, 
leather, U^bacco, food, and other manufac- 
tured articles which she has to sell. 

The Charming Waterways of France 

Paris can carry on this trade because the 
Seine has been woven into a network of some 
7,500 miles of river and canal that e.xlends 


over all of Northern France. A little boat 
starling from Paris can visit the Somme 
fs(*)m), the Scheldt (.skdit;, the Sambre (s6N'- 
br’), the Meu/e (muz), the Saone (son), the 

Loire (Iwar), and 
even the distant 
Rhine. It can 
work its way to the 
teeming industrial 
centers of North- 
eastern France — 
such as Lille (lei) 
and Roubaix (roT/- 
bC'), with their 
great textile mills, 
or it can visit the 
coal and iron mines 
of Lorraine, or the 
wine-growing dis- 
tricts of Cham- 
pagne (sham -pan') 
and Burgundy 
(bur'gun-di). 

More than that, 
our little boat with 
its train of barges 
can fare a.s far as 
the gallant Rhone 
(ron), that famous 
river of Southern 
1 ranee which wa- 
ters vineyards and 
olive groves and 
washcb the walls 
of L}ons, with its 
great silk and dvc 
and metal indus- 
tries. France also 
has cl canal from 
Arles (arl), an an- 
cient town on the 
Rhone, to Mar- 
seilles, w hich is now 
one of the world’s 
chief centers foi importing and processing 
vegetable oils, such as olive, peanut, cotton- 
seed, cocoanut, and palm oil. Much of these 
raw materials the city makes into soap. Such 
a canal will bring to Marseilles by boat the 
wine, tiles, bricks, oliv e oil, and other exports 
which now have to come at least part of the 
way by rail. And it will also oi^en up the 


PRINCIPAL RIVERS OF THE UNITED STATES 


RiVer 

Miles 

River 

kUes 

Alabama 

31S 

Mohawk 

148 

Allegheny 

32s 

Monongahela 

128 

Altamaha 

137 

Neuae 

260 

Androacoggin 

171 

New 

' 255 

Apalachicola 

90 

Niobrara I 

431 

Arkansas 

z, 45 o 

Ohio ' 

981 

Big Black (Miss.) 

330 

Osage 

500 

BUck (Ark.) 

280 

Ouachita 

605 

Black Wanior 

178 

Pearl 

490 

Brazos 

870 

Pecos 

735 

Canadian 

006 

Peedee-Yadkin 

435 

Cape Fear 

202 

Penobscot 

> 101 

Cheyenne 

290 

Platte 

310 

Cimarron 

600 

Potomac 

287 

Clark Fork (Mont.) 

505 

Rappahannock 


Colorado (Ariz.) 

1,360 
840 1 

Red (U.) 

Colorado (Tez.) 

Red (Minn.) 

545 

Columbia 

1,214 

Republican 

445 

Connecticut 

407 

Rio Grande 

1.800 

Coosa 

1 286 ' 

Roanoke 

3E0 

Cumberland 

' 687 

Rock (lU.) 

300 

Delaware 

1 296 , 

Sabine 

380 

Des Moines i 

1 327 ' 

Sacramento 

382 

Dolores 

1 230 

St. Croix (Wis.) 

164 

Flint 

205 1 

St. Francis 

425 

Fox (Wis.) 

175 ' 

St. Johns (Fla.) 

276 

French Broad 

210 

Salmon (Idaho) 

420 

Genesee 

144 1 

San Joaquin 

350 

Gila 

630 ' 

Santee 

143 

Grand (Mich.) 

260 ' 

Savannah 

314 

Green (Wyo.) 

730 1 

Schuylkill 

131 

Housatonic 

*48 

Scioto 1 

237 

Hudson 

Humboldt 

306 
290 1 

Shenandoah-South 

Fork 

155 

Illinois 

273 1 

Snake 

1,038 

James 

340 

Susquehannah 

444 

Kanawha 

97 , 

Suwannee 

190 

Kansas 

169 

Tallahatchie 

301 

Kennebec 

164 

Tallapoosa 

268 

Kentucky 

259 ' 

Tennessee 

652 

Klamath 

250 

Tombigbee 

409 

Merrimack 

1x0 , 

Trinity 

360 

Miami 

160 1 
625 

Wabash 

475 

Milk 

Washita 

500 

Minnesota 

332 , 

White (Ark.) , 

690 

Mississippi 

2,470 1 

Willamette 

190 

Mississippi-Mis- 

aouri 

3.988 , 

Wisconsin 

Yazoo 

% 

Missouri 

2,475 

Yellowstone 

671 

Mobile 

38 

I Yukon 

1,800 


Among these rivers are many to which our country will be able 
to turn when it is in need of more and cheaper transpor- 
tation facibties. 
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*hot(> b} Iliii^oa lli\tr P.iy 1 in« 

The Hudson River, through whose calm waters this 
passenger boat is making its way, is not a nver in the 
true sense of the word. It is really a drowned river 
valley. The ocean has entered the mouth of the Hud- 
son, and ocean tides are felt as far north as Albany, 


150 miles above the harbor If the land were to rise 
only a little, the Hudson would become a small, rather 
insigmficant stream, and New York would be without 
its magnificent harbor and its convenient waterway. 
It would cease to be our greatest city 


Rlione to a still heavier traffic, for at present 
the river's mouth is blocked bv silt. The 
Rhone Valley is rich in both wine and olive 
oil. In fact France in general is a wine- 
drinking country, and leads the \\orld in wine 
pi *duction. Bordeaux (bor'do'), a large port 
on the western coast, i> a famou& \\ine centei. 

Europe’s Manufacturing District 

France is not the only European country 
that knows how to use its waterways. No 
continent in the world is so well off for water 
transport. A great deal of money has been 
spent in improving rivers and digging canals, 
but it has paid handsomely in reducing 
freight rates. If you were to draw lines con- 
necting Belfast in Ireland, Warsaw in Poland, 
Vienna in Austria, and Marseilles in France, 
you would have roughly inclosed Europe’s 
pre-war manufacturing region, where the 
shipfxir had better and cheaper means of 
transportation than can be found anywhere 
else in the world. For this he had to thank 
the fine waterways on which his heavy, slow- 
going freight was moved. Although Europe 
is larger than the United States and has four 
times as many people, she had some 20,000 
miles less of railroad. But she made up for 
this by putting to constant use her more 
than 90,000 miles of inland waterway. Only 
fast traffic went by rail. 


The greatest of Europe’s inlmd watei 
routes is the storied Rhine (rin), a magnili- 
cent stream dear to c\ery (krman heart 
Large ‘'Ums have been spent to make it 
navigable foi the miles from the sea to 
the thriving (ity of Basel (ba'z 1) in Sv\it/er- 
land. At the great port of Rotterdam, on the 
river near its mouth, and at Ani'^rdam and 
Antwerp, two other famous jMirls not far 
•away, goods are reloaded ftom ocean vessels 
to river boats, to be carried into the heart of 
the greatest industrial region in Euro[)e. 

Upstream comes grain fiom Russia, the 
I nited States, Roumania, and the Argentine 
— and a good many other kinds of goods that 
Germany must import. Downstream go coal 
and iron from the famous Ruhr (roTir) Valley 
and, formerly, iron and steel manufai tures, 
for here were centered Germany’s heavy in- 
dustnes The famous Krupp ironworks were 
at Essen, in the Ruhr Valley, 

Storied City of the Rhine 

Busy cities follow on one another’s heels 
along the Rhine, all of them served by rail- 
roads. There is Basel, where goods are 
transferred to the St. Golthard fgdth'ard) 
railway to go down into Italy by way of the 
railroad’s famous nine-mile tunnel. Some 
of this freight is loaded on ocean-going vessels , 
at Genoa. Next comes Strasbourg (stras^- 
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boor'), in France, where vineyards begin to 
si)read their orderly rows over the fields and 
terraces along the river’s banks— for the 
Rhineland holds one of the world’s famous 
wine-growing regions. Mainz (minis), in 
Germany, is the last Rhine port that large 
boats coming upstream are able to reach. 
It is the chief center 
for the shipment of 
wine, and transfers 
other goods as well. 

At Mainz the large 
Main (min) River 
joins the Rhine. It 
has come down past 
t he great ci t y of Frank- 
furt, a thriving com- 
mercial and industrial 
center ; and above that 
it has helped water the 
ho[)yards of liavaria 
(ba-va'rl-a), a section 
of German) laniMcs 
for its beer. 'Die (Ger- 
mans are a beer-drink- 
ing peo])lc, and make 
more of it than any 
country in the world 
except the United 
States. In Bavaria is 
the city of Mimich 
(nui'nlk), once Ger- 
many’s fourth city in size and the center 
of many fine crafts. Here too wa^ the famous 
old town of Nuremberg (nn'rOm-burg), 
which outdistanced Munich in commercial 
importance. In America we know it for 
its toys and fine wood and ivory carvings. 
It is the great hop market of Eurojie. 

What Did Cologne Make? 

Going on dowm the Rhine from Mainz wc 
come to Coldenz (kr/blr-nt.s), another Rhine 
port important in the wine trade. Below it 
Cologne (k6-ldn'), which had many factories, 
especially in the “heavy industries,” was the 
third city in Germany in si/e. All these 
towns, and Dusseldorf (diis el-dorf) as well, 
were busy commercial and industrial centers 
before World War II, and owed a large 
measureof their prosperity to the cheap trans- 
portation they got along their great river. 


But Germany has plenty of other rivers 
to carry her heavy freight. For instance, 
there is the Wescr (va'zer), wearing as its 
chief ornament the great city of Bremen 
(bra'mfm), which ranked second among Ger- 
man jiorts and was a busy center for ship- 
building and manufacturing of various kinds. 

East of the Weser 
lies the Elbe (^I'bc), 
a stream that is navi- 
gable well into Czech- 
oslovakia (cliCk'6-slb- 
vii'kl-a), and furnishes 
that country with its 
quickest w'ater outlet 
to the sea. On its way 
to the North Sea the 
Elbe f lasses Dresden 
fdr(*/'den), a famous 
center of art and cul- 
ture, with a busy com- 
merce by way of the 
Elbe and various rail- 
roads. Dresden man- 
ufactures a large va- 
riety of articles, and is 
especially famous for 
her china and musical 
instruments. The Elbe 
here finds its wav- 
through Saxony, the 
most j>r(ductive agri- 
cultural region in all Germany, and a little 
farther on V passes Magdeburg (mag'de- 
IxlTirK), in the heart of Germany’s best 
sugar-beet region. 

The Famous Leipzig Fairs 

By way of smaller streams and canals a 
boat on the Elbe can reach Leipzig (llp'sik), 
Germany’s fifth city in size, a famous musical 
and literary center and the seat of what is 
said to be the largest book industry in the 
world. Here a number of great fairs are 
held every year, to be visited by merchants 
from Europe and Asia, who come to buy or 
sell furs, leather, hides, and wool. Leipzig 
was a center for a large number of industries 
of all sorts. 

At the mouth of the Elbe lies Hamburg, 
before the war the greatest port in Europe 
and Germany’s second city in size. She 


AREAS OF GREAT RIVER BASINS. 

The areas in square miles of the greater 
river basins, according to the best estimates, 
are as follows : 

Amazon (So. Amer.), 2,772,000 square 
miles; Congo (Africa), 1,425,000; Nile (Africa), 
1,293,000; Mississippi (U. S.), 1,290,000; 
La Plata (So. Amer.), 1,198,000; Ob (Siberia) 
1,125,000; Yenisei (Siberia), 980,000; Lena 
(Siberia), 895,500; Yangtze (China), 689,000. 

Mackenzie (Canada), 682,000; Volga (U. S. 
S. R.), 592,000; Ganges and Brahmaputra 
(Asia), 588,000; Niger (Africa), 584,000; St. 
Lawrence (Conada-U. S.l, 565,200; Zambezi 
(So. Africa), 513,500; Orinoco (So. Amer.), 
430,000; Amur (Asia), 403,000; Orange (So. 
Africa), 400,000. 

Hoang-ho (China), 3^7*000; Indus (Asia), 
372,000; Winnipeg-Nelson (Canada), 370,800; 
Yukon (Canada- Alaska), 330,000; Danube 
(Europe), 320,300; Columbia (Canada-U. S.), 
298,000: Murray (Austraba), 270,000; Rio 
Grande (Mexico-U. S.), 232,300; SSo Fran- 
cisco (Brazil), 212,900; Dnieper (Europe), 
202,400. 


Most of the world’s rain water is caught by the great 
river basins listed above. The pattern of one of these 
basins is much the pattern of a giant tree whose 
branches the nver’s tnbutanes stretch out into the 
hills. The trunk of the tree is the great river after 
which the basin is named. 






Photo by WhM>linjr W \a C of C 

This IS a scene on the Ohio River, one of the important Ohio and the Mississippi nvers You may read an 
waterways of the Umted States. The flat-bottomed ezciting account of the old steamboat days in Mark 
steamboat in the picture was characteristic of both the Twain’s **Life on the Mississippi ” 

exported more German goods than any other is built, 5s connected by canal with both the 
city; machinery, electrical goods, sugar -of Elbe and the Odei, and througli the Oder 
which Germany extracts a great deal from with other rivers farther east, so that ho, its 
beets — iron and &teel, dairy products, ferti- can travel from Berlin (b(ir-l5n') toHamhuig, 
lizer, cement, china, glass, paper, and beer, and in the other direction to the great centers 
A large number of these things she made of Eastern Germany. Berlin s great im- 
herself, and she built a great many shijis portance was largely due to this network of 
besides. Into her ample docks came ships eastern W'atcrw'a}s, in which the rivers, 
loaded with coffee, tea, sugar, spices, rice, running in general north .incf south, are 
grain, tobacco, and many other raw materials ^ joined by canals running east and west. Ji 
and provisions. For Germany is a crf)wcled would be hard to list all of Bcrliirs manv 
country that had to turn to manufactur- manufactures. Thev lav in everv held, and 
ing to support her jHJople, for that reason she w'ere turned out in vast amounts. She w-as 
imported food and raw materials to make (iermany’s laigest city, 
up and sell abroad. E.isl of the Oder the next great river to 

cross the plain of Northern Europe and enter 
What Is the Port for Berlin? Baltic Sea is the Vistula (v5s'chii-la), a 

East of the Elbe the Oder (cyder) leads Polish stream that rises in Czechoslovakia 
from the Baltic Sea into the heart of Eastern and carries freight from Warsaw' down to 
Germany, Poland, and Czechoslovakia, the Gulf of Danzig (dan'tslK). One of its 
Near its mouth is Stettin fshtf-ten'), another tributaries is joined by canal with a tributary 
of Germany’s great commercial and industrial of the Oder, 
cities, and a large center for shipbuilding. 

It is the principal port for Berlin. 

For Germany’s great capital, once the chief East of the Vistula the Niemen (ne'm5n) 
commercial and industrial center on the brings dowm goods from Russia and Poland 
Continent and the third largest city in through Lithuania (llth'tii-a'ni-a) and East 
Europe, lies well back from the sea and is Prussia, where it is knowm as the Memel 
not even on a large river. But she is at the (ma'mM). Its cargoes arc such as its neigh- 
center of a great network of railroads and borhood produces — limber, grain, agricul- 
of canals. The Spree (shpra), on which she tural products, and fish. 
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. Still farther east lies the Dvina (dve-na'), 
a Russian river that crosses Latvia on its 
way to the Gulf of Riga (re'ga). Canals join 
it to the Volga and the Dnieper (nc']ier), two 
great rivers of Russia. On its way it passes 
by the Latvian city of Dvinsk (dvensk). 
Though it is interrupted by a good many 
rapids it and its many branches serve the 
people of Western Russia by carrying rafts 
of timber. These drift along to the song of 
the gypsies who tend the rafts and live in 
little grass huts that they build on top of the 
logs. The city of Riga lies near the river's 
mouth, a thriving center of commerce and 
manufacture. Here fish, sugar, foodstuffs, 
tobacco, coal, fertilizer, clothing, and ma- 
chinery are gathered from across the seas, 
in exchange for the flax and timber that 
Latvia exports. 

The Blue Danube 

Nt)W all these busy streams pouring into 
the North and he Baltic seas furnish ex- 
cellent highways for the farmers and manu- 
facturers of Northern Europe, but are of 
little help to those farther south. Must the 
great wheat lields of Hungary send out their 
produce by rail only.'* Not at all. Through 
the heart of Central Europe and down to 
the Black Sea Hows one of earth’s greatest 
rivers. It is the mighty Danube (dan'ub), 
which for century after century has been 
the great highway of Southeastern Eurojie, 
the center of many wars and the subject of 
countless [)oems. 

When Germany Controlled the Danube 

Before her downfall in World War II Ger- 
many planned to build a serviceable canal 
that should link her northern waterways with 
this great international highway. There 
is, it is true, a small canal between the 
Danube and the Main. It is calle<l the Lud- 
wig Canal, and it jDasses through the city of 
Nuremberg. But it is not a real highway of 
commerce. So i)retty much all the countries 
along the Danube Austria, Hungary, Cze- 
choslovakia, Roumania, Yugoslavia (yob'go- 
slii'vl-a), and Bulgaria —face south toward 
the Black Sea and use the Danube for a 
highway to trade among themselves and to 
take down timber and grain for shipment 


across the ocean. Their boats bring back 
petroleum and a variety of manufactured 
articles. Ocean vessels can come up the 
river to the grain-shipping port of Braila 
(brii-e'la), in Roumania. There, and at 
Galatz fga'liits), goods are loaded to river 
boats and barges. 

The Danube is navigable up to Regens- 
burg, in Germany, and boasts a number of 
capitals along its course — ^gay Vienna 
(vi-en'a), now dimmed and poverty-stricken 
but long a center for the arts anti for the 
manufacture of beautiful and expensive 
goods like fine leathers and silks and jew'elry; 
Budapest (boT/da-pfst'), the chief outlet for 
grain and live-stex'k products from the plains 
of Hungary; and Belgrade (b^l'grad'), w^hich 
handles most of Yugoslavia’s foreign trade, 
largely carried on with neighboring manu- 
facturing countries. Russia now' controls 
the Danube a j)owerful link in the chains 
she has bound around Eastern Europe. 

Scandinavia’s Beautiful Streams 

Norw'ay and Sw'eden, Spain, Italy, and 
Greece are handic'appcd in the matter of 
navigable rivers. The tw’o Scandinavian 
countries use their beautiful but tempestuous 
streams to float down logs from their fine 
forests or to generate electric powder. Both 
have canal systems, which are linked by a 
lake on the border. The Swedish ports of 
Gothenburg (got'Cn-burg) and Stockhedm 
are joined by \bo miles of waterway, most of 
it following various little rivers. 

Spain, Italy, and Greece are mountainous 
lands without much rainfall, and their rivers 
are mostly short and unfit for shipping. 
Barcelona (bar'se-lr/na), the principal Span- 
ish port and center for the leaciing manufac- 
turing and commercial district in Spain, has 
to rely on railroads to carry her goc^ds inland. 
And so does Valencia (va-len'shi-a\ the 
second port of Sj^ain, a shipping point for 
grain and fruit raised on the rich plain that 
lies around her. Seville (sfv'Il), it is true, is 
on the Guadalquivir (gwa'dal-kwiv'er), which 
can be ascended as far as the city by the boats 
that take aw'ay wune, fruit, ores, olives, olive 
oil, and w'ool. 

Italy has a fairly large river in the Po, but 
one so choked with silt that it is of little use 
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Photo by Duluth C. of C, 

These great docks are in the harbor at Duluth, Lake 
Superior’s most important port. Iron ore from the huge 
open pits of tihe Mesabi Range is brought here by train 
and then loaded into the ore boats that are shown in the 


picture. They will carry the ore cheaply to ports on the 
lower Great Lakes. Then it will go to the great smelt- 
ing centers - Pittsburgh, Pennsylvania; Gary, Indiana; 
and a number of cities in Ohio. 


for shipping. It serves the Italian people 
well, in spite of that, for it and its tributaries, 
tumbling down from the glaciers in the Alps, 
biuig loads of rich soil and generate much of 
the power to run Italian factories. These 
are centered in the ''alley of the Po and its 
tributaries. Milan fmirrm), Italy’s wealth- 
iest city and her chief industrial and com- 
mercial center, lies here on the ‘T^ombard 
plain.” She manufactures machinery and 
iron products, textiles of all sorts, furniture, 
clothing, velvets, leather, and countless other 
articles. Turin (tu'rin), not far away, is the 
center for the Italian motor industry, and 
makes a great variety of other things besides, 
ranging all the way from soa]) and candles 
to airplanes. 

What Is Italy’s Greatest Port? 

Venice (vSn'Is), at the other end of ^^e 
Lombard plain, was once a great port, but 
her harbor has been pretty well filled in with 
silt. To-day she makes beautiful glass, fine 
textiles and lace. Trieste (trS-6st'), once 
Italy’s eastern port, is now under the United 
Natifins. Italy’s greatest port is Genoa. 
Here goods come by rail from Italy and 
Switzerland and Southern (iermany. She 


ships hemp and llax that are grown on the 
fertile Lombard plain, olive oil and wine, 
cheese and fruit aiul Hour, steel and |>aper 
and marble, and velvets and gloves. Into 
her docks from abroad come grain and cotton 
and coal and machinery for the teeming 
populations inland. 

A Gigantic Network of Rivers 

So far we have spoken of small countries 
where crowding makes it necessary to use 
the greatest thrift in handling all the re- 
sources that Nature jirovidcs. in the late 
1920’s, Russia, a country of tremendous si/e, 
launched a long-term plan to develoj) her 
waterways on a really big scale. In sjiile tif 
the fact that this country ranks next to the 
United States in railroad mileage now, vast 
stretches of Russia’s dense forests and end- 
less grassy stepjies (step'), or treeless plains, 
then had no means of trans])ortation. It was 
not uncommon for people in one section to 
starve while food went to waste in another 
section. Building enough railroads to do the 
job of transporting their goods, especially in 
wartime, would be a long and costly proj- 
ect, and transportation facilities were es- 
sential to the big overall plans by which 
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•the now communist government was attempt- 
ing to modernize the country. Fiesides, 
Kus’siii turned naturally to water transj>ort. 
She had always used hfr rivers for trade, and 
her territorial growth had followed the rivers 
of Eastern Kuroi)e and Northern Asia. 

Mother Volga 

According to the plan, the Volga fvol'ga) 
River, that great stream which meanders 
from the Clulf of Finland down to the Cas- 
|)ian (kas'pFan) Sea, \\as to he the heart of a 
great waterway system. Every important 
river in Euro])can Ru.ssia, as well as a number 
in Asia, was to he woven into the fabric. Ami 
six oceans and seas wen* also to he made to 
serve the nation. The j)roje('t included dredg- 
ing rivers to rid them of their aciumulation 
of silt, narrowing channels, and building 
dams. Hy (ont rolling the flow, there would he 
water for irrigatif)n and electric power. 

The plan also included borrowing water 
from the D.ai which Hows near the 

Volga at the i)oint where tlie city of Stalin- 
grad (sta'Ic'ii-graT) stands, to increase the 
X’olga's supply. Otherwise, so much watc^r 
might he drained awa\ from the C'aspian Se*a 

making an already .salt lake saltier that 
the very valual)le hsh in it would die. Of 
course making the Don and one of iN tribu- 
taries, the Donetz idd-nyels'), a water high- 
way w’as also part ot the overall scdieme. 
Russia’s husic*sl coal mines lie in the Doiu'tz 
basin. Hy building canals and other improve- 
ments to ])Ut the mighty Dnieper (ne'pe^^ 
work, coal could be transporletl more ch(*aply. 
Then, to(», oil boats from Baku (ba-km/), a 
jM)rt on the (\'isj)ian Sea, could sail up the 
Volga, down the Don, and over to the Dnie- 
JKT and on to the great grain, wool, and 
cattle port of Odessa (eVd^^s'a)- 

War Interrupteci the Plan 

Exactly how' much of Russia’s whole plan 
for a unified w'aterw'ay system is now a realit\ 
it is impossible to say. World War II intcT- 
ruptiMi this type of work there considerably, 
as it did in all c'ountries. After the war 
Russia made it practically impossible for 
people outside the “Iron Curtain” to get ac- 
curate information about what w'ent on. Im- 
portant improvements were made before and 


in the early years of the war, however. Tn the 
19.30’s the usefulness of the Dnieper w'as 
greatly increased by the building of a dam 
and locks around the rapids at Dnc|)rope- 
troosk fd’nyP'pro-pyt5-tr6fsk'), nnc of the 
greatest hydroelectric stations in the world. 
Oc ean-going vessels could sail up the Dnieper 
a thousand miles. The great dam was i)ar- 
lially destroyed during the war to keep it 
from falling into the hands of flic riernians, 
and had to be rebuilt. Hut there were als(» 
canals linking the Dnieper to the Baltic . 
'riiese were at the head waters of the Pripet 
(prc'p'et), the Dniej)er’s western tributary. 
'I'he King's ('anal in I^iland joins the Pripet 
to the Hug fbcjog) River, a tributary of the 
Vistula which washes the walls of Warsaw 
and the imjiorlant city of r)anzig on the 
liallic. 'The Msiula, in turn, connect. -s with 
the rivers c-f (iermany and c()mj)leles the wa- 
ter route between that country and the great 
|)()rts on the Baltic and Caspian seas. 

Linking Sea to Sea 

Hut this is not the only route by which 
boats can lra\el inland to the northern seas. 
;\ Icuig series of rivers ancl canals was com- 
pleted to link the headwaters of the Volga to 
the Baltic. .And the Baltic-White Sea water- 
way joins the White Sea to the great port 
of L(‘ningrad iir*n'5n-grad) on the Baltic. 
lA‘ningrad manufactures many sorts of 
heavy mac *'inery engines, steamships, and 
factory etpuhinent— as well as textiles, 
clothing, ancl oilier articles. It is a big ad- 
vantage for her to get coal, iron, and other 
raw materials by lioat from Southern Russia 
in thi.s inexpensive w'ay. Moscow (mc'is'ko), 
the Russian capital and an im|)ortant trade 
center, can also get materials for her many 
manufacturer by way of the Volga. She is 
connected with it by an eighty-mile canal — 
in man\ respects the greatest canal in the 
world. 

A Trade Route through the Arctic 

'Hie Baltic- White Sea route cuts nearly 2,- 
200 miles from the regular water nmte from 
Leningrad formerly called Petrograd (pft'- 
ro-grilcn'-lo Archangel (ark'ai/jdl), on the 
White Sea. Archangel has a large fishing 
industry and manufactures fish products. 
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Budapest, shown above, and Vienna are the two most as often yellow as blue, for the current is strong and the 
important cities on the **beautiful blue Danube.” It is a river often carries a heavy load of silt from the coun< 
sad fact that the waters of this magnificent stream are tries it washes farther upstream. 


Her principal export is timber from the dense 
northern forests. Russia now keeps this im- 
portant harbor open tlie year round by using 
ice breakers, and its trade has greatly in- 
creased. 

Lack of ice-free ports has long handicapj)ed 
Russia. Of her 40,600 miles of coastline 
K is largely ice-bound. Only Batum (ba- 
toom') on the Black Sea, Pctropavlovsk 
(pyS'tro pav'lofsk) on the Bering Sea, and 
Murmansk (mdor-mansk') on the Barents 
(ba'rents) Sea are ice-free the year round. 
The Arctic route was very valuable to Russia 
during World War IT. Many war supplies 
went to her from the United States through 
this northern route. It is a connecting link 
of tremendous value between European 
Russia and the Russian Far East, 

Odessa to Vladivostok 

When goods had to be shipped from Odessa 
to Vladivostok (vla'dl-v6s-t6k') through the 
Suez Canal, they had to travel over 13,000 
miles. By way of the Panama Canal, it is 
over 14,000 miles. Now, by way of river and 
canal to Murmansk through the Arctic Sea, 
the distance is less than 7,000 miles. From 
the United States, whether one leaves from 
Seattle or New York, the best route to Arch- 
angel is through the Arctic. 

The advantages of the new water transpor- 
tation facilities to Ru.ssia — of her harbors and 
inland routes — are immeasurable and they 


have been built against great odds. It is to 
be hoped that the day will soon come when 
wc shall not only know more about their ex- 
tent, but that j)eople everywiuTc will share in 
their benefits as trade and ideas Ilow freely 
into and out of this vast country. 

Trade Routes in an Ancient Land 

Nature has given Russia’s neighbors on the 
South— those ancient, romantic lands that 
have linked the East and \\ est siiu'c the dawn 
of history - very little in the way of naviga- 
'ble inland waters. There is now a railroad 
almost all the way across northern Iran 
(e-riin'). Ihe Trans-Iranian, which is the 
main line, follows the ancient trade route 
from leheran ftt-h’riin') down to Baghdad. 
Teheran, once famous largely as a rug mar- 
ket, is now remembered also as one f)f the 
meeting places of the Allied leaders in World 
W ar II, where war strategy was discussed and 
postwar plans made. From Baghdad trains 
may go north through the storied lands of 
Meso[)otamia (mCs'6-p6-ta'mT-a), now known 
as Iraq (e-riik'). Transportation is needed 
here, too, for moving the wool, dates, miner- 
als, and especially the oil at Mosul (mo'sool'). 

But the lands in this part of the world have 
too few railroads to carry their interesting 
wares. Their magnificent oil wells are lo- 
cated, luckily, on the Persian (lull, where it si 
very easy to reach the sea by only a few miles 
of railroad and pipeline. The Tigris and 
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.Kuphrates (u-fra'tez) rivers, rich in an- 
cient history, can carry just a little local 
traffic until they unite to form the Shatt 
al Arab (shiit al a-nib') at Basra (bus'ra). 
riic passtige from this busy port down to 
tlie Persian Oulf is practically the only inland 
water transportation to be found in these 
hot arid lands. 

This is the land of the caravan where, over 
trade routes centuries old, some of the most 
precious w’ares in the world have traveled 
i)ctween the East and West. And camel and 
donkey caravans are no novelty in many 
sections, even today. 

Before and during World War 11 there was 
great interest in building modern tran.spor- 
tation here. What had alread} been built 
some 1,500 miles of railroads and 0,000 miles 
of highway was put to good use when it be- 
taine so important to gel war supjdies to 
Russia. The Allies actually took over the 
operation of the main railroads and surfaced 
many miles ''f ! igliways for motor trucks in 
the most strategic sections. 

Providing transjxirtation in tlie .so-called 
Middle East as well as in Asia is a hard jot). 
The 'ITans-Iranian railro.id was \eiy’ difficult 
to build because of the dry, mountainous na- 
ture of the c'ountry and because almost all 
the materials had to be imported. It was 
also very costly. There is still hope, how- 
c\er, that Iran may extend her railroads to 
connect with the line from India at /ahidan 
(/a'he-dan') and ])erha|)s in the north from 
Mashhad (mash-had') to join with the Rus- 
sian line just over the frontier. Nearly exerx' 
low n of any si/e now has an airjiort. Though 
very few of them have surfaces 1 runways, or 
can accommcnlate any except the smallest 
planes, facilities for air transportation might 
be imjiroved instead of building railroads. 

Lands of Turmoil and Change 

We cannot go by inland water route, but if 
W’e leave behind the sands and caravans and 
travel farther and farther east, we find our- 
selves in a part of the world lorn with turmoil 
and change. The future is hard to predict. 
In the countries of India, China, and South- 
ern Asia we hear proi)hecies of growing in- 
dustrialization, general improvements, and 
increased trade, but we must bide our time 


to see what happens, knowing that the India 
of tomorrow will be vastly different from the 
India of today. 

In its new'ly found freedom India bustles 
with trade. Inland, goods are carried mainly 
by the railroads which were built under 
British supcrxdsion when India was under 
British rule. The reason for this is not 
that India has no rivers. One thinks at 
once of the sacred (Ganges (gin'jez) and 
the Jumna, or the Indus and the Brah- 
maputra fbra'ma-f)(^)'tra). But these rivers 
are by nature as turbulent as the monsoon 
climate of India. 'Fhe canals, dams, and 
locks which have been built so far are used 
mainly for irrigation. 

The Picturesque Chinese Junk 

When Japan invaded China in 1937, the 
Chinese giwernmcnt had to set aside the 
plans it had made for imj»roving the all- 
important inland waterways. China has al- 
wavs made great use of her rivers. 'Fhe two 
largest ones, running cast and w'e.st, are joined 
in many plates by a system of canals which 
run north and south. 'Fhese were not built 
in the modern way, with dams anil power 
stations for making electricity. But they 
have served to carry tlie quaint little junks 
that crowxl the Chinese rivers -st range-look- 
ing craft that hoist a sail to catch a favoring 
winil, and otherwise make their tedious way 
by poling lowing. Millions of Chinese 
people know .^n other homes than the junks 
which, generation after generation, have 
earned them a living. 

Northern China is handicapped without 
navigable rivers. The great Hw^angho 
(hwang'ho'). <>r Yellow River, is shallow’, 
loaded with silt, and ver\’ changeable. It is 
called “China’s Sorrow” because its aw’ful 
floods often drow n the precious rice lands and 
shift tlu' channel again and again. The chief 
city in its broad valley is 'rienlsin (tin'tsln'), 
the port for the M capital city of Peiping. 
Traffic on the Ilwangho is mostly local. 

The Great River of China 

In its character the Hwangho is entirely 
unlike the great Yangtze (yang'tsS')* steady 
and ilcpcndable stream that, in spite of rapids 
thousands of miles from its mouth, is the 
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I'hoto by X Y C Tunes. 

Here is a view of the Erie Canal, a waterway designed portation between the states around the Great Lakes 
before the days of the railroad to provide cheap trans> and those along the Atlantic seaboard. 


great arter}* of trade for the busiest part 
of China. Its vast fertile della reaches to 
Nanking (nfin'klng'), 235 miles inland and 
a seat of the Communist government. It 
supports the densest population in the world 

an average of 7,000 people to a square mile. 
At the river’s mouth sj)rawls Shanghai 
(shang'hiO, the most importaiU i)ort in the 
Far East and the center of China’s manu- 
facturing industry. Tt is easy to see why 
S anghai should have grown. The Yangl/c 
Valle\ is the home of nearly iialf the Chinese, 
and in one way or another the river handles 
half of (’hina’s commerce. Along its lower 
course crops flourish all year. Here China’s 
finest silk is grown, and here is her best 
cotton, rice, and tea district. 

The Port of Shanghai 

Before World War TI paralyzed China’s 
foreign trade, Shanghai was an all-im|)ortant 
port for goods coming in from other countries 
and for products going out to them. With 
her own coal fields undeveloped, China relied 
on Japan for coal. India provided much 
staple cotton for making cloth. England 
sent a variety of manufactured i)roducts, 
chief among them, cotton goods. The pe- 
troleum products, machinery, wheat, and 
tobacco which entered Shanghai came largely 
from the United States, which is China’s best 
customer. In times of peace China sent the 
United States quantities of silk, soybeans, 
and tung oil, and probably she will do so 
again when normal trade returns. 


China’s trade since W orld War 11 has tend- 
ed to be more and more restricted to the 
Soviet Union, which has supported the Chi- 
nese Communist government, and large 
(juanlilies of goods have been tarried by air- 
plane. But good-si/ed river boats still go up 
the Yangtze to .Nanking, for some time a 
manufacturing center, partitularlv of silk, 
j>aper, and |)otUTy. Ib'sides s(‘lling these 
products, Nanking has a thri\ing business in 
skins, beans, imMt, and dairy |m>(hu ts. Hut 
she has to buy her cotton t loth, metals, sugar, 
and kerosene. It begins to be cleiir wh\ the 
ri\cT boats are kept busy 

In the dry season (xean vessels (annot get 
up to Hankow', the great trading city of (\mi- 
tral China and the |)oinl where tin* (\nilon 
Peiping railroad ferries tro^s tl\e river. 
Hankow distributes goods throughoiil the 
whole count r}', e\|>orts t(‘a, and is a (ent(T 
for China’s young iron and sic'el industry. By 
the time the ri\(T re.iches Chungking, C'hina’s 
World War II capital, it is useful largeK for 
local trafl'ic. 

The Beautiful Grand Canal 

Ever since the si.xth century before Christ 
the (Irand Canal has carried goods from the 
Yangtze Basin northward. It extends alto- 
gether about a thousand miles, from Hang- 
chow to Tuiigchow. However, the changes 
in the course of the Hwangho have often 
made it impossible to use certain parts. It was 
a means of saving many Chinese craft from 
the Japanese during the war, and, though it 
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’has fallen out of ref)air, it is still an important 
carrier of freight and j)assengers. 

China’s Southern Door 

Canton* is the trading center for Southern 
China. At its warehouses the produce 
brought down the West River can be trans- 
ferred to ocean vessels which reach Canton 
by way of the I’earl River, or it can be 
shipf)ed to Hongkong on the Canton-Kow- 
loon railroad. Canton is the birthjdace of 
the 1911 revolution led by Sun Vat-sen 
(s()on' yiit'sf*i/), which drove out the I'sing 
Dowager Km|)ress and gave China a flemo- 
cralic government. .\ little more than 
miles southeast by railroad lies the llritish- 
owned island of Hong Kong. I'ntil recently 
it and Singapore, aiH)ther British |)ossession, 
were <imong the busiest ports in the Far Fast. 
When fighting began between the armies of 
the Nationalist go\ernment and the Com- 
munists, trade ill over ('hina was .-flowed 
down or earned on only with the greale.st 
dilVRullN. f)f course all the long-discussed 
])lans for ])e.neful industriali/ation and im- 
proved transportation took second phue. 
riu* C'hinese jieople had to give their time to 
tin* job of earning a living, much as lliev had 
»ilways done. 'I'hore were growing signs of a 
Mach ini* .\ge in some areas in the use of 
airplanes, for example. Hut human muscles 
still larried much of the goods and |)rovi(U*d 
the pow'er used for other [)urposes, 

Japan and Australia 

The island (“iiipire of Jajian has always re- 
lied on shij)s to larrv her goods from island 
to island. Partlv because of her use of in- 
e\])ensive transjxirtation she became the 
greatest trading nation in the Far Fast. Of 
course her trade was destroyed with her defeat 
in W'orld War H, but it is reviving under the 
control of the American Occiij)ation Forces. 

11 ie desert wastes of the island continent of 
iXuslralia do not give rise to rivers. Most of 
the trade of the coastal settlements is carried 
on in coastal vessels or on railroads that the 
government has helped to build. 

Waterfalls and Jungles 

There is no lack of rivers in Africa. Mag- 
nificent streams like the Congo are capable 


of bringing to the coast all the interesting 
products of the jungle. But almost all the 
rivers tumble in waterfalls over tiie edge of 
the plateau that reaches almost to the sea. 
The fewv railroad lines cling to the coast, 
and caravans, ox trains, and men carry the 
inland goods. The long-talked-of Cape to 
('airo railroad will j)robably never be finished, 
now that airi)lanes j)romise more efliciciit 
transportation. 

Ship|)ing on most of South America’s great 
rivers the Orinoco (o'rT-noTo), the Ama- 
zon, and La JMata (la plii'ta) - Is limited bc- 
cau.se of the tropical jungles through which 
they ilow'. Here again the airjdane is taking 
over the I oar I. 

Waterways in the United States 

No country has a finer inland waterway 
system than the Lnilcd States. Immedi- 
ately we think of the broad, sleejiy Missis- 
.sippi, tlowing through the very heart of the 
(ountry, of the (Jreat Lakes, the blue Hud- 
srm, and dozens of other streams. 

But a mention of the w ell-known rivers and 
lakes does not begin tri tell the whole story 
^’f waterways in .Vmerica. W ith the improve- 
ments that have been made on Nature's gifts, 
the United .Stales’ inland waterways now- 
have reached .1 ir)lal of almost ^0,000 miles, 
which in one jioslwar year carried some 0O8,- 
000,000 tons of goods. 

The Intracoastal Waterways 

riu* Atlantic Coastal System forms an al- 
most ('ontinuous water route 4,000 miles in 
length from Boston to Florida. It connects 
with main inland streams and also with the 
sea. The Clulf Coastal System, similar but 
somew'hat .sho’*ter, reaches west from Morida 
across the United Slates to Brownsville, 
'fexas. With the exception of the ^Missis- 
sippi and the Tonibigbcc (tom-big'be\ few' 
of the rivers which Iraiii into it arc navigalde 
verv far up stream. But the main lino ])ro- 
vidcs a cheap freight route and a i)leasant 
passageway to sailors of small boats. 

Because of their falls and rapids, the rivers 
of the Pacific Coast carry very few boats. 
The Columbia, the San Joaquin (san wa- 
ken'), and the Sacramento are partially nav- 
igable — but only for very short distances. 
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Photo euurtfMiy Shell Oil Coiuponv 

These 400,000-gtUon barges on the Mississippi ere be- 
ing loaded with gasoline, kerosene, or fuel oil. The 
powerful tug that is bringing them up for loading will 


tow them north to St. Paul or east to New York or New 
England. Such barge trains and there are thousands 
of them give us our cheapest means of transportation. 


The two greatest systems of all in the 
United States are the Mississippi and the 
Cireal Lakes. The Missi.ssippi and its tribu- 
taries have been improved so that they form 
a chain of 8,000 miles of navigable waters. 
Seagoing vessels can go up the Mississippi as 
far as Baton Rouge fbat'iin rdbzh'), an<l 
barges can ply the river to Minneapolis. The 
Ohio is navigable some distance above Pitts- 
burgh, and lug boats can sail the 'renriessec 
as far as Knoxville. The Illinois River and 
the Illinois Waterway connect the Missis- 
sippi with Lake Michigan. Vessels of me- 
dium size can use the Missouri as far as 
Sioux fsoo') City, Towa. 

The channels connecting the (ireat Lakes 
have been improved to take care of increasing 
traffic through them. Besides their connec- 
tion with the Mississippi by way of the 
Illinois Waterway, they provide a passage to 
the Atlantic through the St. Lawrence, and 
to New York by way of the New York State 
Barge Canal and the Hudson. Along these 
waterways massive freight can move without 
reloading from the Middle West to the coast. 
Iron ore from Minnesota and limestone from 


Canada are sent over them to join the toal 
from Pennsylvania and be made into steel 
the pnKlurt that has been called the back- 
bone of America^ industrial greatness. In 
• time the steel is turned into machinery, re- 
frigerators, automobiles, and hundreds of 
other articles which find their way back 
along the same w'ater routes which tarried 
the raw’ materials to the manuf.u tiirer. 

Waterways Are Uncle Sam’s Business 

The United St.ilcs government has spent 
more than a billion and a quarter dollars im- 
proving the national waterw'ays. Most of the 
work is carried on by Army engineers, 'rhe 
'renne.ssee Valley Authority is in charge of 
that great jiroject. Money si)ent on improv- 
ing waterways is usually money saved. Not 
only is water transportation cheaper, but 
improved waterways also control floods and 
often make water available for power and 
irrigation. In addition to competing with the 
railroads to bring down the cost of trans- 
portation, waterw'ays are more and more 
needed to help railroads and trucks move the 
gigantic quantities of goods the nation 
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• turns out. I'his was made very clear during 
World W'ar II when the nation’s total re- 
soufces w^ere enlisted for victory. Water 
transportation increased tremendously then, 
and for the first time shipbuilding was car- 
ried on in inland cities, w'hich were both less 
crowded and safer than cities along the coast. 
Inland waterways made it possible to move 
the ships or sections of ships down to the 
sea. 

More Improvements Are Needed 

Much has been done, but the United States 
has not yet made the best use of her lakes 
and rivers. Kvery year floods take their toll 
of lives and pro|)crty. One of the projects 
which has been suggested is a waterway from 
the head of the Ohio to Lake Krie. This 
would shorten the present Mississij)])i River- 
Oreat Lakes route from the (lulf of Mexico 
to the Last. Some experts say that if there 
had been such a route in World War 11, 
much of the ierii:}lt destruction of li\es and 
materials by submarines that preyed on 
coastal shij)ping could have been prevented. 
As a national defense measure, the jmuect is 
still considered sound. 

For many years the (lovernment has de- 
bated anotlier project that would increase the 
use of the St . Lawrence River as a .seaway and 
add to the nalicm’s supply of electric ]>o\Yer. 
If this project were j)ut into effect, it would be 
done jointly w ith Uanada, a friendly neighbor 
with whom the United States ha.s always 
shared the use of the (Ireat Lakes, riiose 
who urge the St. Lawrence Seaway project 
point out that in case of a national emergency 
it w'ould be an excellent route for transport- 
ing iron ore from the new mines of Labrador. 
World War 11 cut clown the United Stales’ 
supply of ore seriously. If another war 
should come both the United Slates and 
Canada would j>robably need to mine the 
Labrador deiiosits. 

The World’s Busiest Waterway 

Of course, the United Stales and Canada 
already make good use of the St. Lawrence 
River, which, combined with the (Ircat Lakes, 
is the busiest waterw'ay in the world. Amer- 
ica buys more from Canada than any other 
countr\^ ■ and sells more to her, too. A large 


share of the exchange of goods is made by 
way of this route. The Detroit River, a part 
of the system, carries more goods up and 
down its waters than make up the foreign 
trade of New York, Liverpool, and London 
combined. 'Fhe canal at Sault Ste. Marie 
(silT/sant ma-re'), Ontario, has carried a total 
of well over loo million tons a year since 
World War JI, wdicn it broke all previous 
records. In bulk, iron ore and coal make up 
the biggest part of the cargoes, but in value, 
wheat from the Middle West and the Prairie 
Provinces ranks first. 

(Quebec, Three Rivers, and Montreal can 
compete with the proudest ports anywhere. 
Quebec is seated w'here the St. Charles joins 
the St. Lawrence and is a terminal for the 
varied products of the St. Charles Valley. 
Three Rivers, serving a similar purjKjse for 
the valley of the St. Maurice, gets its name 
from the three channels into which it divides 
as it meets the St. LawTcnce. Montreal w'as 
formerly little more than a tow{)ath, but since 
the Lachine Canal was built, placing the city 
on a w’ater higliw’ay, it has grown into the 
worhl’s largest inland port. 

Six Canal Systems 

Canada has six canal systems “feeding’^ 
and extending transportation on the St. Law- 
rence “main.*’ besides the one that provides 
j)assage from Fort William and Port Arthur 
through tlu Ste. Marie, there are water-» 
ways betwee ‘ .Montreal and Ottawa and 
south to the international boundary near 
Lake Cliai..i)lain. 'Fhen there is a water pas- 
sage from Ottawa to Kingston; one from 
Trentim to Lake Huron; and another from 
the .\tlantk to Hras d’Or (bra' dor') Lakes in 
Cape Breton. Fhese six systems have added 
over 1,800 miles to Canada’s waterways. 
Of course, there are many smaller canals and 
dee])encvi ciiannels for local shipping. 

Where Winter Locks the Rivers 

The Canadian government has seen to it 
that shipping shall be possible in less favored 
parts of the Ihmiinion, too. Ocean, lake, and 
river craft can dock at Chicoutimi (she'koo'- 
te'me'), a port on the Saguenay (sag'e-na') 
River that serves a region noted for its alu- 
minum, paper, pulp, and agricultural pro- 
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Here in Fort William, Ontano, the Kaministikwia River grain elevators, where it will be stored until needed, 
carries huge loads of gram to the very doors of the From this point it can be sped to market in freight cars. 


ducts. Like many other Canadian ports, its 
shipping pericKl is limited because of ice 1'he 
season is from the middle of April to I)e 
ceml)cr ist. But the ])ort of Churchill on 
the river of the same name has <in e\en 
shorter sea.son. This port was discovered in 
1619 but not developed until the ig^o’s. \o\n 
it is the point of departure for grain from 
the Prairie Provinces bound for Kurope b\ 
way of Hudson Bay -but only from August 
to mid-Oc tober. Cirain, lumber, and minerals 
are also carried down the Nelson River 
nearby, from w'hit h they go on out through 
I^ort Nelson and Hudson Bay. 

As in the United States, Canada's system 
of waterways is a “companion and aid" to 
her railways. Both the Canadian National 
and the Canadian Pacific cross the continent 
with feeder lines running north and south. 
The completion of the Canadian Pacific in 
1885 and of the Panama Canal in 1914 is 
largely responsible for the growth of Van- 
couver (van-kdb'ver) in British Columbia. 
L\ ing inland and safe from heavy winds and 


ice this port has one of the finest natin.il har- 
bors in the world But inland shtfiping in the 
region baik ot it is iin|)ossibU* beiausc the 
country is mountainous Without the rail 
roads to feed it \'a»u oiner lould not have 
become a great outlet for such products as 
vegetable oils, grain, lumber, and lish. 

When We Must Figure Costs 

It is the shipping around and on the (IrcMt 
Lakes, howewer, that jirovides the life blood 
for Canada's economic prosperity .Much of 
the busy life of l)oth farm and factory in 
Canada and the United States would be 
stilled if boats should cease to ply the waters 
of these inland seas. W hen c ost counts rather 
than speed, these waterways are unequaled 
for the carrying of all sorts of bulky products 
from mine, farm, and mill. And the steady 
stream of tonnage that can be moved by slow- 
going barge and boat makes up for lack of 
speed whenever goods arc not of the .sort to 
spoil during a long journey. Every year in- 
creases the imporlanc e of our waterways. 
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Reading Unit 
No. 15 


HOW WK HAVK MADE ROAi:)S 
OF WATER 

Xotc: For hasii in form at ion For sfatisfit a! and ( urrrni f(irt\ 
oot jonnd on this pa^f\ (onsidt (on\ult thr Ru hards Year Hook 
the ^rnrral Index, IVi/. 15, IndfX. 

Interesting Facts Explained 

Whm* we tan walk all the way to dig the Panama ('anal. 10 

across America in a day, 10- 270 

2<>g How a ship idimhs a hill. 10 272 

Why canals were diiR in ancient The I’anama ('anal. 10 27^ 
days, 10 2()g-70 'I'he famouv, Sue/ anrl Kiel ('a- 

Wh\ Lesseps failed in his attempt naK. 10-274 

Things to Think About 

\\ hy was I he Sue/, (anal easier to the Panama ('anal unsucct*>^'' 

diji than the Panama*' fnl? 

\\ h\ are canals du^.'' How do locks lift heav\ ship< 

Why was the first attempt to dip over a hilP'' 

Related Material 

W here were c anals dup in anc ient inter-ocean canal he chip some 

5 Sy-tio, 10 161- day? 7 47 

How does the (latun Dam furnish 
What well-known canal has hc^en enouph jiower to make all the 

built in KuLdand*' 10 274 elcntricitv needed to run the 

W h\ weie canaN built in Hoi- canal w’»Mks' i 5i5- 

lancD 6 ^52, ’^54 10 27^ 

How are canals used in irripa- How did the buildinp of the Pan- 
ti(Ui^ 10 540-42 ama ('anal help Panama to 

W here in ('entral \merica will an pain its independence*' 7 ^of) 

Practical J p plications 

How many miles did a boat on a point on the Pacilic side 

the .\tlantic ha\ e to po to rc'ach thirty nnles aw’a\ .*' 10 20g 

Leisure-time A ctivities 

PROJKt' r NO i: Build and rtdief map of the Panama (^anal, 

work a nuulc*! canal lock, 10 271 10 275 

PR()JK(T\() 2. Make a clay 

Summary Statement 

W e dip canals to save preat dis- drain off water from mar.sht^s c)r 

lancc's. to link cities topethcM*, to to brinp watcT to deserts where 

let .ships come U|> to inland cities, there is too little moisture 
and sometimes we dip them to 
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The hibtonc battleship Missouri, on which the Japanese here shown passing through the Panama Canal. She 
signed the document of surrender in World War II, is has just left the Miraflores locks behind her. 

HOW WE HAVE MADE ROADS of WATER 

The Little Canals That Wind Their Way from Town to 
Town, and the Big Ones That May Save Us a 
Trip All the Way around a Continent 


HERE ii a ])lacc \\horc you can walk 
all the \\ay ariose America in one day. 
ll is at Panama; and if ever the cre- 
ator of this curious world smiled at his own 
work, it surely must have ])cen \Nhen he 
tied Nortli and South .Vmerica together 
with a little thread of land only tliirty miles 
across. 

Only a few years ago a boat on the At- 
lantic side of Panama had to go nearly 
eight thousand miles around South America 
to reach a point on the Pacific side just 
thirty miles away. Of course the captain 
always said, “Why not cut a canal?” And 
ini^ny another man put the same question. 
In fact, it had been asked within less than 
twenty years after Columbus died. Hut it 
was not answered until ncaily four hundred 
years later, when tlie Panama Canal was 


opened in IQ14 as ihe greatest water road 
that m.in has ever built. 

Of course men had lo build vatcr roads 
for a long while before they learned how to 
cut a Panama Canal. They needed water- 
\\Tiys for many things. Sometimes they 
could save a great distance, as at Panama 
and Sue/, where they now go through a 
^hort canal instead of sailing all the way 
around a unitinent. Sometimes they had 
no otlicr good way from one city to anotlicr; 
^ r if there was no big river, they either had 
to haul everything on w'agons or tlicy had 
to build a watenvay of their own. Some- 
times their city was fifty or so miles distant 
from the sea; and since they could not move 
the city to the coast, they cut a canal lo 
let the ships come right up to the city. And 
sometimes they dug canals merely to carry 
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off the water from a marsh where there was 
too much of it, or to bring the water to a 
desert where there was too little. 

So they began to dig canals in ancient 
days. Three thousand years ago there was 
a short canal in Eg>’pt from the Nile to 
the Red Sea, 
and in the Ro- ^ 

man empire ^ 
there were 
many of them. ; \ 

The Romans 
were always 
good at water- 
works. The 
Chinese had a 
great canal 
eight hundred 
years ago. By 
the time of Co- 
lumbus, Europe 
was pretty well 
cut up with 
waterways of 
man’s own 
making. But 
they had all 
been made in 
level land, 
where it was 
fairly easy; for 
not until about 
the time of Co- 
lumbus did we 
learn how to 
take a ship over 

a hill or a small by sw«di*h 8ui« 

, HailwayM. 

mountain. How , « . . , « 






used to give to strangers in Panama; and 
his workmen grew sick and died in great 
numbers. Also his company had too little 
money, and was too dishonest in wasting 
what it had; so that by 1889 the company 
was bankrupt. In the end they sold out to 
the United States. 

In 1903, after some 
delay, the United States 
started to cut the ca- 
nal. In the first place 
they sent down a small 
I army of doctors to make 
war on the mosquitoes, 
and the doctors did so 
w^ell that Panama was 
soon one of the healthiest 
I^laces in the world. Then 
the engineers and labor- 
ers could come. The 
work was i)ut in charge 
i of the American Army, 
and under the command 
of General George W. 
Gocthals (go'thalz) it 
was carried through in 
about ten years. Some 
of the hard things he ha<i 
' - to do can be 

seen if we 



j . In Sweden is the 
we do tnat can odts (yft'U) Cansl, 

be shown in the 

^ m all. With fifty-eight 

story of the locks. At TroUhktUn it 
cyrAof rannl sumiounts some fsmous 
great canai faUg by an amazing stair 

through Pan- case of locks. Here are pic 
tures of the canal taken from 
the air and from the path beside it. 

In 1881 the 

famous French engineer, Ferdinand de Les- 
seps, began to dig the Panama Canal. He 
had already dug the one at Suez, and was 
ready for a greater task. But though he 
knew all about canals, he knew very little 
about mosquitoes — or about the terrible dis- 
eases like malaria and yellow fever that they 
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now take an imaginary trip through his canal. 

Let us suppose we are on the biggest 
battleship. We sail in from the Atlantic, 
past the city of Colon, and in three or four 
miles we reach the Gatun (ga-toon') Locks. 
He^e the land rises, and we shall have to 
lift our battleship about eighty feet- 
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THE STORY OF CANALS 



How a ohip climbs uphill 1 First it sails into the lowest lock, and the gates are closed behind it. 



The middle gates ora opened, and the water from above raises the boat, which then enters the next lock. 



When the middle gates an doted behind it and the upper gates opened, the boat risea to the topmost lavaL 
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This the locks will do. We sail slowly 
into the first lock, or rather we are pulled 
into it with rojxjs by six locomotives on the 
banks — for no ship can take the chance of 
sailing into the lock under her own steam. 
She might crash. The lock is an immense 


it comes in, our great ship rises with it 
And when the lock is full we are on a level- 
with the water in another lock right in front 
of us. A great gate ojjens before us, and we 
are pulled into the second lock. 

The same thing happens again. The water 



Photo b> Panitrno ("anal 

This is the place where a mountain was moved to 
make way for the Panama Canal. It is the famous 
Gaillard Cut. In a single year 2,500 tons of dynamite 
were exploded there to chisel through the crest of the 


continental divide, which at once retaliated by pouring 
do^n millions of tons of rock upon all the operations 
Dynamite and the steam shovel and perseverance 
finally conquered. But it took a great deal of the last! 


concrete basin, 1,000 feet long, no feet 
wide, and 81 feet deep. The biggest boat 
in the world can be at home there. It took 
over 2,000,000 cubic yards of concrete to 
put up the Gatun Locks. 

How a Ship Climbs a Hill 

Once we are inside, the gates arc closed 
behind us and the water begins to pour in 
under us. That may sound easy, and so it 
is, indeed, in Panama; but one of those vast 
steel gates which the electric power opens 
and shuts so easily weighs about 500 tons — 
for it is 7 feet thick, 6$ feet wide, and as 
high as a six-story house, or sometimes 
higher. And the water has to pour in very 
rapidly if it is going to fill up our lock; so 
there are 105 great sluices to let it in. As 


pours in to lift it's to the level of the third 
lock. And this raises us once more till wc 
can sail ahead into Gatun Lake. Our battle- 
ship has risen about eighty feet, and it has 
taken about an hour to get up. While we 
were going up in our locks, we may have 
seen boats going down in the three locks 
right beside us. For all the locks are doulde, 
and a boat may be going down in one set 
while another is going up in the other set. 
To let a boat dowm, the water is simply al- 
lowed to run out of the lock. Then the boat 
goes on into the next lower one. 

A Great Lake Made by Man 

But now we are in Gatun Lake. There 
was no lake here in the beginning. The 
engineers hsd to make it by putting a great 
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(lam across a river running through the land, 
/rhe great (ialun Dam is about a mile and 
a half long and about half a mile thick at 
the bottom. It forms a lake that not only 
lets us .steam on for anotlier twenty miles, 
but furnishes power enough to make all the 
electricity needed to run the canal works, 
to light up the 
whole district, 



for five or six miles to the city of Panama. 
We are in the Pacific. It has taken about 
eight hours to get through. 

The Panama Canal was such a huge thing 
that some men really thought it could never 
be completed. A few more figures may give 
a better idea of its size. The earth dug out 
of it weighed 360,000,000 tons. 
It took 307 locomotives and 
4,572 cars to carry this 
ofT. To blast away the 
rock required 77,- 
000,000 pounds 
of eAj)losives, 
and at one time 
over 50,000 
pounds were set 
olT at a single 
blast. The 
w hole w ork cost 
$?7^,ocx>,ooo. 


audio ()]) 
eicUc the 
tele[)hones and 
telegraphs. 

When we gel through the UJv(* \.e (<une to 
another marvel of the 
famous Gaillard Cut through tht' hilly back- 
bone of the isthmus. This is sinij^y an 
immense ditch cut through the hilK-^about 
eight miles long, between three and six hun- 
dred feet wide at the bottom, and as much 
as three thousand feet across at the top. 
Out of the cuts in the canal came enough 
(lilt and rovk to build a mountain twx) miles 
long, a mile wide, and a thousand feet in 
height. But the mere si/e was not the only 
jiroblem in the Gaillard. The earth above 
keijt pressing and sliding down into the 
ditch; and even when the engineers thought 
they were through they had to begin all 
over again as tlie landslides came down and 
filled up the channel. 

Beyond this cut is tlie Pedro Miguel 
(l)e'(lro mc-gcl') Lock, through which we 
now begin to go dowm. It puts us out into 
a little lake a mile long, through which we 
reach the two locks of Mirallores (me'rii- 
llo'ras). These let us down fifty-five feet 
to sea level again. And now we steam on 
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The canal L o]>cn on ecjual Icrm^ to vessels 
of trade or w'ar belonging to all countries. 
Thousands of ships of all kinds pass through 
it every year, and they pay us many millions 
of dollars in tolls. Lumber from Oregon 
and wheat from Western Canada go through 
to Europe. Motor cars from New York or 
Detroit take this way to Chile and Peru. 
Fruit comes through from California to the 
East, and wool from Australia to New' Eng- 
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land — with many other things from many 
places. And thousands of |>assengers sail 
through to save time and to see the sights. 

Just as the Panama Canal saves time in 
the Western World, so does the Suez in the 
East. In fact, it is the gate between the 
East and the West; and the phrase “Ea.st 
of Suez*' has come to mean anywhere in 
the Orient. 

Built by the same Frenchman who started 
the work at Panama, the Suez (soo-^//) 
Canal was finishecl in 1860, after ten years 
of digging. It is ninety-eight miles long, 
or two and a half times longer than the 
Panama. But it is all at sea level, and mostly 
runs through sand and clay. So there was 
no great trouble in constructing it except to 
keep right on through the long task. There 
were a few low hills to cut through and four 
shallow lakes to dredge; but for thirty miles 
the Suez goes straight across the desert. 
It cost $83,000,000. Though built by the 
French, it is now mainly under British 
control. 

Of course there is an immense trade 
through it — for it saves five thousand miles 
of travel around Africa. Since 1885 it has 
beei. greatly improved, and it is now wide 
enough for .ships to pass one another at any 
p)oint. It takes about fifteen hours to get 
through. 

The next most famous canal is the Kiel 
(kel). It runs through Germany from the 
North Sea to the Baltic. In part it was made 
for commerce, but in the main for war- - 
in order that the battleships of Germany 
might get through rapidly and safely from 
one coast to another. The locks at each 
end are even larger than those at Panama, 
and they have to lift the boats some forty- 
six feet. The canal is eighty-five miles long, 
and saves about two hundred miles of 
travel. 

There are many other canals for large 


ships. There is the Manchester Ship Canal, 
which brings the vessels from the ocean right 
up to the great city of Manchester, thirty- 
five miles from the coast in England. There 
is the Saul! Sainte Marie (sob' sant ma'rl) 
Canal in northern Michigan, connecting 
Lake Superior with Lake Huron and bring- 
ing the boats laden with iron ore down from 
Duluth. And there is the Canadian canal 
that goes around Niagara Falls; it is the 
Welland Canal, from Lake Eric to Lake 
Ontario. Many a shi[)load of \vheat goes 
through it on the way to Europe. 

All these waterways arc “ship canals,” 
that is, they are big enough for ocean ships 
to use. But there are thousands of smaller 
canals, in many lands, on which lesser boats 
and barges float about the country. They 
arc placid little waterways, and sometimes 
very pretty; and they are mainly used for 
shipping bulky articles that do not need to 
hurry. For travel is pretty slow on them. 
Usually the barge is jmlled by a horse that 
walks along the towj)ath. 

There arc more of these canals in Europe 
than in America, for Euro[)e had been dig- 
ging them for a much longer time before the 
railway came. In France and in Holland 
there is a real network of them, and there 
are a great many in lOngland aiuLin other 
countries. In America we had not been 
cutting them for very long before the railway 
arrived and almost entirely took their jflace. 
For of course the railway has stolen a great 
deal of the trade that these thriving canals 
used to do. The most famous barge canal 
in America was the Erie, from Buffalo to 
the Hudson River. It was once a great car- 
rier of passengers and freight. In recent 
years it has been improved and made into 
the New York State Barge Canal. It now 
carries an increasing tonnage of bulky goods, 
but is of even greater value for its help in 
flood control. 
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Reading Unit 
No. 16 

EVERYWHERE ON WHEELS OF AIR 

Note: For haste information For statistu aland current jactSy 

not found on this page, consult consult the Richards Year Book 
the general Index, VoL /j. Index. 

Interesting Facts Explained 

What the first automobiles were The early gasoline motor cars, 
like, 10 277 10-278 

W'hy automobile inventors were When there were only four gaso- 

clistouraged in England, 10- line cars in the I'nited States, 
278 10-278 

Daimler’s internal-combustion en- How Henry Ford “put the mob 
gine, 10 278 in automobile,” 10-279 

Things to Think About 

How do we feed gasoline to the How is the automobile engine 
^.jkunders of our automobiles'^ cftoled? 

How do the brakes make driving How does the engine of an auto- 
.safe? mobile turn the two drive 

How does the spark from the wheels? 

spark plug work? 

Picture Hunt 

What did the early automobiles the clutch to shift gears or to 
look like? 10-280 stop his car? 10-289 

Why does the driver press down 

Related Material 

How do we get gasoline from What types of highways have 
crude oil? 9-455 been built in recent years? 10 

When will our petroleum wells be 150 

exhausted? 1-152 How are automobile tires made? 

Why is a tax put on gasoline? 7- 9 -260, 2 70 

389 

Practical Applications 

How big is the automobile in- What part does the automobile 
dustry in America? 10-279, play in commerce^ 10-281 
281 

Leisure^time A ctivities 

PROJECT NO. i: Learn why PROJECT NO. 2: Examine the 
the automobile engine purrs, 10- engine of an automobile, and 
287 learn how it works, 10-290-91 

Summary Statement 

The automobile has brought whole land together with strong 
freedom to both the farmer and bands of good roads that should 
the city dweller, and has laced the help to destroy sectionalism. 
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Rudolf Diesel Tde' z*l), a 
German, patented in 1892 
an internal combustion 
engine which first drew 
attention when it was used on Ger- 
man submarines durmg the First 
World War It is the most econom- 
ical of all internal combustion engines 
~ it burns fuel oil instead of gasoline 
and gets more power from its fuel 
It takes up less space than a steam plant, and 
for this reason is valuable for submannes and 
for large boats where room for freight is wanted. 
To-day Diesels are used on trucks, buses, large 
ocean hners, and m sewage plants, water- 
power plants, oil pipe-hne stations, and many 
other {daces. They are built into locomotives 
and are bemg perfected for airplanes. The* 
accompuiying diagram shows how a four- 
cycle Diesel engine works, and how it differs 
from gasohne engines in compressing the 
mixture further. 

During the first cycle pure air is drawn into 
the cylinder. Next, the piston, on its return 
stroke, compresses this air to a pressure of 
400 or 500 pounds per square inch. This 
raises the temoerature of the air to about 


1,000 F Just before the 
beginning of the third 
cycle the fuel valve opens 
to admit the oil vapors, 
which are forced into the cylinder 
by a very small pump under 
I, ooo-pounds pressure The vapors 
of the fuel oil are set on fire when 
they meet the ternficaUy hot com- 
pressed air in the cylinder, and this 
explosion furmshes the power stroke of the 
engine The waste gases are removed during 
the fourth cycle. No igmtion system is neces- 
sary. 

Si>ecial means of coohng such engines are 
provided. This is done by forcing a current of 
water through the water jacket which surrounds 
the cylinders In marine and stationary 
engmes, where the water supply is plentiful, 
cold water is dnven by a pump into one opening 
of the water jacket and out through another. 

A much more compact Diesel operates on a 
two-stroke cycle When the piston nears the 
end of the power stroke the exhaust valve lets 
out burned gases and fresh air flows in at the 
bottom of the cylinder The air is commessed 
on th# next stroke and a nower stroke follows 
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There is very little resemblance between this modem part of the century. The swift comfort of the modern 
automobile and the first cars which frightened horses car has outstripped even the brightest hopes of the 
and people alike by their hiss and clatter in the early automobile*s inventors. 

EVERYWHERE on WHEELS of AIR 

The Epic Story of the Automobile 


[lERE do you guess the next one will 
])e from, Djiddy? / Siiy Kew Jer.sey.” 
I'he small boy was only five, but he 
would be able to tell where the next car came 
from by one glance at the license plate. This 
time his father, a little weary of the game, 
guessed Vermont, since that Avas the state 
they were in. But the next car was from 
California! 

I'rom evcrywliere in the lanil they come, 
going to everywhere else in unending pnxes- 
sion. Cntil after World War I there were 
hardly enough automobiles to make a pro- 
cession, much less make the game of “license 
plates” possible. Before 1914 children and 
gr()wn-uj)s alike were impressed at just 
seeing an automobile. 

The first automobiles were really railroad 
locomotives made to run on an ordinar}’ road 
instead of on tracks. A Frenchman named 
Cugnot (ku'nyo') was running one through 
the streets of Paris in 1770. He could make 
two and a half miles an hour, with luck, not 
counting the time he had to take out to get 
up steam. In 1802 Richard Trevithick, a 
big, rollicking man, took his cousin up to 
London from Cornwall in a steam “road 


wagon.'* By 1827 — when a railroad had been 
operating between Stockton and Darlington 
for two years — there was a regular passenger 
service along some of the roads around Lon- 
don. 

The steam buses on this line must have 
been queer-looking things. Inside there was 
room for six passengers, and fifteen more 
could perch about out.'^idc. Some sat over 
the hind boot, with the steam boiler and 
furnace under them. Back of them rose 
four Hues carrying the smoke and fumes from 
the burning coke and charcoal in the furnace. 
This type of steam wagon made from ten to 
twenty miles an hour. 

Of course people did not quite know what 
to make of this odd new affair. Sometimes 
it merely amused them: 

“Instead of jounicySy people now 
;May go upon a Gurney,^' 
they .sang, making fun of the name of the 
inventor, Goldsworthy Gurney. But a good 
many people hated all machinery, partly be- 
cause it often threw them out of w’ork. Once 
when Gurney himself was on a coach between 
London and Bath, an angry crowed from a 
village fair set upon the hated machine- 
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thing, yelling and throwing stones. The in- as nothing to the amount of water and 
ventor was hurt. But of course mobs cannot fuel a steam engine has to carry around 
stop machines from being invented and used, with it. 

The law, however, did come near stopping Two enterprising Frenchmen, Panhard 
this particular machine for a while, at least and Lavassor, bought the French rights to 
in England. These big lumbering vehicles, the Daimler engine and started to build auto- 
which had to carry so much water and fuel, mobiles. You and I would doubtless burst 
and which ran on such huge metal out laughing at sight of these early 

wheels, were as hard on the gasoline motor cars. But they 

roads as the biggest modern arc the ancestors of all of our 

truck. Besides, like the ellicient modern automo- 

bus now, they biles, whether regular 

took passengers from or custom-made. In- 

the railroads, the 

from the who saw the new 

horse-drawn S machines spinning 

coaches too. So ra |||||^^^^V 9 ||||||^|||||||H about Paris 

they had many B ^ the 1890’s knew 

enemies. Most of how wonderful 

the passenger they were: “It 

coaches were soon j , is no uncommon 

driven off the 
roads by heavy 
tolls— a kind of 
tax. Then in 1865 

a “red flag law” ' . • a summer day a 

was passed: a power-driven Her. to thrL^Mtomobae Mr. ^ Jittle open vehicle flittinR 
vehicle had to have at least Henry Ford ever built. Coachmen along witliout apj)arent means 
three operators, could blow SJht thSto terrmid of motion, upon noiseless rub- 

no steam off on the way, must horses reared and shied when these ber-shod wheels, or panting 
not go faster than four miles by”t w^t^arSien^^tremMi^l hirth a warning from a square- 
an hour, and must be nreceded speedl shaned box in front. To see it 




thing,” wrote a 
correspondent of a 
London paper in 
1^95, “to meet on 
a summer day a 


an hour, and must be preceded ®i 

by a man with a red flag or lantern of 
warning. That was enough to discourage 
any inventor in England. 

But though these laws tied things up in 
England for thirty years or so, inventors 
were busy in other countries. It was having 
to use steam and therefore to carry so much 
fuel and water, like a locomotive, which made 
the early cars so clumsy. Nothing at all like 
the swift and compact modem automobile 
had yet appeared. But in 1885-6 Gottlieb 
Daimler (dim'l€r), a German, invented the 
internal combustion engine. This name 
really means an engine which works by a 
series of explosions inside it, or, in more 
scientific language, which changes chem- 
ical energy into mechanical energy. It 
is the mechanical energy which moves 
the car. The amount of gasoline neces- 
sary to make this energy in a machine is 


shaped box in front. To see it 
pass at racing .speed — some of these little 
machines can spurt at twenty miles an 
hour — takes one’s breath away at first.” 

About this time England rci)caled her red 
flag law and went to w^ork perfecting the 
new device. In the United States, too, in- 
terest was rising and exixjriments were being 
made. Cars were built that ran with steam, 
with electricity, and with gasoline — “petrol” 
(pSt'rol), the English call it— but the gasoline 
type seemed to be the best. The Duryea 
brothers were the first Americans to make a 
gasoline car that actually ran. Only four 
ga.soline cars existed in the United States in 
1896 — the Duryea’s, one made by a German 
named Benz, one made by an American 
named Haynes, and a strange affair being 
driven about by Henry Ford. The last was 
creating .;o much interest that its owner had 
to chain it to a tree when be got out, for 




fear it would be gone when he wanted to get ber of cars manufactured in the country 
in again. lca|Kvl high into the millions, and one politi- 

For a good while nobody seemed to realize cal party even made a campaign slogan of 
that these “horseless buggies*' were going to “two cars for every family in the land.” 
be anything more than curious toys. The There are now more cars in the United States 
best ones were made abroad and cost around than telephones — a total of about 42 million. 
$5,000, and you could not get even the cheap- . t ^ 

est sort for less than $1,000. Besides, you Gigantic ndustry 

never could tell whether they would really Since America has taken so lustily to life 
run or not. Many a man can remember the on four wheels behin<l a bit of gasoline, it is 
exultant whooj) with \\hich he used to whip clearly the advantage of the manufac- 
the team past .1 bedraggled aut()mol)ile stuck turers to make as many cars with as little 
at the roadside with two rueful feet slicking effort and waste as possible. So the United 
out from under it where the owner w’as States, manufacturing some eighty-five per 
tinkering with its insides. 1 hese early cent of all the automobiles made in the 
e\j)eriences with automobiles brought forth w'orld, has developed production plants so 
a popular song entitled “Get Out and (iet vast and complex that they are like great 
Under.” Tt was not until around 1910 that mechanical cities. You may pass through 
one l>egan to expect cars to run w'ith only an one of these huge factories and see your 
occasional mishaj), and that i>eople began to favoriteHiar in every stage of its growth from 
bu\ a great many of them. In that year scattered bolts and nuts and bits of steel to 
there were over iSo.ooo automobiles manu- all its shining completed pride. Thousands 
factured l! . United States. of workmen help to build it, each doing some 

Somebody has said that it w^as Henry Ford little swift and eflicient thing as the machine 
who “put the mob in automobile.” lie cer- w'hich is going to be a car goes by on a moving 
tainl> did have a good deal to do with the belt or conveyor. Usually different scc- 
amazing number of cars which now began lions are assembled separately and then ])ut 
to lun about over the Unitcvl States. Long together afterwards. The plant will be laid 
ago he had decided that “the car of the future out so that the parts shall w’aste as little 
must be the car of the people,” and he had time as j)ossible in their journey and shall 
proceeded to make his cars cheaper and all begin to come together as the car nears 
cheaper in order to bt*ll more of them. In completion. Sometimes the moving belts 
ifpg he put out the first cars of Model T, are as much as a mile long, 
selling at about $rpo. Other cheap kinds fol- Certain of the great plants manufacture 
lowed, and many kinds that were not so almost everything they need in making the 
cheap up to out most sumj)tu- This great auto coach is rcry finished car castings of bra^s 
ous limousines. With the bo()m and aluminum, sheet-metal 

limes of the igio’s the num- means of swift transport. stampings and glass, even the 
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very tools the workmen use. Such a plant 
yvill have its own fleet of trucks to carry sup- 
plies and completed cars, or its own station 
if it uses the railroad. It may have many 
acres of. ground laid out in race tracks and 
concrete hills on which to try out its cars to 
see if they work properly. It is almost sure 
to have its corps of trained research workers 
- maybe several thousand of them -to 
bring out new inventions in speed and com- 
fort, or to walcli the state of the market. 

The Modern Motor Car 

'Hie cars turned out i)y tliese grfat fac- 
tories, and by the smaller but no less effective 
fac tories of Kuro])C, are often a joy to the 
eye as well as a convenience to the man in a 
hurry. The singing sweej) of their long line'' 
tells us of grace and speed. Power is in the 
lean steel body crouched low over the road 
We like the clean surfaces of the metal and 
the rich glow of the many colors our cars 
n()^^ have, n long time designers foolishly 
tried to make an automobile look like a 
carriage; but an automobile is not a carriage, 
and in trying to make it look like one the} 
could onl\ make it look awkward and clumsy. 
'Fhe makers of the best cars realized this. 
So even the cheaper tars were made longer 
and lower and simj)lcr to express the swiftness 
and power of the cunning machine. Makers 
also realized that safety w^as as important 
as speed, so they invented steel bodies, 
])()werful brakes, and non-shattcrable glass. 
This glass is made from a thin sheet of 
plastic pressed between two sheets of plate 
gla.ss. If you strike this glass it cracks, 
but the pieces remain firmly attached to the 
plastic. 

The Automobile in Commerce 

We have been speaking of the ordinary 
automobile — or motor air, as the English 
call it— meant to carry from two to seven 
persons, and usually privately owned. As a 
glance at almost any stream of traffic wdll 
remind you, there are plenty of other kinds 
of cars. There is the “bus,"’ or omnibus, 
which you see careening around the corner 
with a load of thirty or forty persons on their 


way to some neighboring town, or perhaps to 
a distant city. This s(>rt of car is sometimes 
called a coach, and in Europe the open-top 
kind meant for tourists is called a char-a-banc 
(sha'ra'bdN'). Then there is the truck, 
heavy or light — called a lorry in England — 
which carries freight very efficiently, even 
if it is an annoying thing to get caught be- 
hinfl on a narrow road. Then there is the 
armored car— that is, a car made of bullet- 
proof steel to carry pay rolls and other large 
sums of money. The automobiles them- 
selves, of course, are a mult itudinous famih - 
a great variety of styles of serlans, coupes, 
convertibles, station wagons, and jeeps. 

The Restless Age of Motors 

So from evcryw’herc to everywhere they 
pass in motley pnxression. It is rather hard 
now to imagine wffiat the world would be 
without them. They have made it possible 
for the farmer to run to tow’n after supper 
to a ‘'movie.’' They have filled the moun- 
tains and beaches with w’cek-end picnickers. 
They have snarled up traffic in the cities 
and even in the villages, and made it a real 
hazard to try to cross a through highway 
even in the country. They have laced the 
whole land together w’ith strong bands of 
good roads. Certainly they have given 
thousands and thousands of us a chance to 
sc‘e what America is like — all of America, not 
the tiny corner wt happen to have been born 
in. They have, in fact, helj^ed to keep us 
the most wandering and restless of people. 
A brilliant English critic once said that 
Americans were forever having love affairs 
with different parts of their wide and various 
country. She meant that we arc forever 
pulling up stakes — even if only for an hour 
or a week — and piling into the automobile 
and going somewhere else — to town, to the 
desert, to the mountains, to the sea, any- 
where to get acquainted with a different part 
of the land. If that is so, it ought at l^st 
to help the different parts of the United 
States to know one another better. There 
is nothing like the procession of cars to make 
that i>ossil)le. Let us hoi>e that wdlh knowl- 
edge may come understanding. 
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OPENS TO ADMIT 
GAS MIXTURE 




WHAT MAKES THE WHEELS GO? 

The automobile engine we describe here, 
operates under the principle of the four- 
stroke cycle. By “stroke’’ we mean the 
upward or downward movement of a piston 
in its cylinder. The piston is attached to 
one end of a connecting rod. This is a metal 
rod the lower end of which is attached by 
a bearing to a crank. As our pistons move 
up and down in the manner we are about to 
describe, the connecting rods move with 
them, and the rods, in turn, push the crank 
so that the crankshaft revolves. When the 
piston makes one stroke, either up or down, 
the crankshaft moves half way around. Thus 
when the four strokes are completed, the 

crankshaft has made two revolutions. 

COMPRESSION STROKE 


No motor can work without fuel. So the 
first stroke of the cycle takes in fuel; it is 
called the intake, or suction, stroke. As you 
can see in the diagram above, the intake 
valve is open and the exhaust valve is closed. 
A mixture of gasoline and air is sucked into 
the cylinder from the intake valve as the 
piston moves down. The next stroke, which 
IS called the compression stroke, is shown in 
the diagram to the right. The piston is mov- 
ing up, and both the intake and exhaust 
valves are now closed. The mixture of gaso- 
line and air which fills the cylinder has no 
means of escape and is forced into a much 
smaller space than it occupied before. 

POWER STROKE 


EXHAUST VALVE 
CLOSED 




INTAKE 
'VALVE 
i CLOSED 






(XHAUSTVAlVCi 
CLOSED I 








INTAKE VALVE 
CLOSED 




The third stroke in the cycle is called the 
power stroke. A spark, from the spark plug 
you see above the cylinder, ignites the mix- 
ture of “gas” and air, causing it to expand 
rapidly. It needs more room, but where can 
it go? Both the intake and the exhaust 
valves are closed. It moves down, and 
pushes the piston before it. On another 
page we shall explain how a spark plug 
works, and how the gasoline is brought from 
the gasoline tank and mixed with the proper 
amount of air in that part of our automobile 
which we call the carburetor. 


EXHAUST STROKE 


The exhaust stroke is the last stroke in the 
cycle. The piston moves upward and the 
exhaust valve opens to allow the burned 
gases to escape. The cycle is completed 
and the engine is ready to begin all over 
again. This is the cycle which the piston 
must go through in order to make one power 
stroke. Now in the days when cars had 
only one cylinder, they chugged ahead in a 
veiT jerky fashion. But nowadays cars have 
4, 0, 8, 12 - even 32 cylinders. By arrang- 
ing these cylinders so that they fire at regu- 
lar intervals — so that at any given moment 
each one is going through a different stage 
of the cycle — the car can go forward with a 
smooth motion. 
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FROM TANK TO CYLINDER 

The expression **step on it** is automobile slang. 
When we step on the accelerator, or floor pedal, 
we are doing just one thing — feeding gasolme to 
the cylinders. The more gasoline we feed to our 
engine, the faster it will go. But our engine will 
not take its gasoline ‘^straight**; first the **ga8** 
must be mixed with a proper amount of air. We 
have already seen what happens to the mixture of 
*'gas*' and air when it gets into the cylinders. Let 
us go back and see how it gets from the gasoline 
tank — which may be as far away from the engine 
aa the car is long — to the cylinders, and what 
I happens to it on the way. 


Gasoline will not run uphill any 
more than water will. So in the 
early days the gasoline tank was 
placed above the engine, so that 
the fuel would flow downhill into 
the carburetor. In later designs it 
was not always possible to place 
the tank in this position, so a pump 
was used to pump the fuel from the 
main tank into a smaller tank 
placed above the carburetor. To- 
day, while these two ways of feed- 
ing fuel are still in use, most cars 
are equipped with a vacuum tank. 
This is really just another kind of 
pump- the engine itself is the pump 
which creates the suction. The 
cylinders are so arranged that at 
any moment one or more of them 
IS always sucking in fuel from the 
carburetor. This creates a partial 
vacuum in the intake manifold, so 
that if a hole were bored into this 
distributing device, air would rush 
in. But we do not waste its ability 
to suck. We run a small pipe from 
the intake manifold to a small tank, 
which thus becomes a vacuum tank. 
This vacuum tank sucks gasoline 
from the main tank as it is needed. 
The same suction which fills our 
vacuum tank is drawing quantities 
of air past the openings through 
which gas is flowing into the car- 
buretor. The fuel is literally torn 
into minute particles forming a 
vapor or spray, exactly as perfume 
leaves a perfume atomizer. This 
air-gasoline vapor is sucked into 
each cylinder in turn through the 
intake manifold. So our gasoline 
has taken a rather lengthy journey 
from main tank to vacuum storing 
chamber to carburetor— where it is 
mixed with air — then to intake 
manifold and to cylinders. On the 
way it goes through a strainer 
where impurities, such as dirt and 
water, are removed. 


GAS TO ENGINE 


TO INTAKE 
HANtFOLD 


CARBURETOR 



VACUUM TANK 


INTAKE 


iS 


COMPRESSION 
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THE DEVICE THAT 
FEEDS OUR CAR A 
BALANCED DIET 

Our car is very particular 
about its diet. It will take 
as much fuel as its cylinders 
will hold, but unless that 
fuel is a balanced mixture 
of gasoline and air, our car 
will not go properly— in fact 
it may not go at all I So we 
must install a carburetor 
which will measure the 
amount of gasoline that is 
going into the engine and 
mix it with the proper 
amount of au. 


CHOKE OR 
AIR CONTROL 


MIXTURE TO INTAKE MANIFOLD ^ 

The gasoline flowing from 

our vacuum tank to our car- 11 

buretor is first stored in a H 

float chamber,. As the gaso- SSTJ.'Slii. i 

line nses m this chamber, ' ■ — "v D 

the float rises. When the N. B 

gasoline has reached the 

proper level, the flow is choke OR 

stopped by a lever which air control . 

closes a needle valve at the ■■■■■■-■ .. ■ ^ ’ i 

bottom. At this point the ^ ^ I 

level of the gasoline in the 

float chamber is even with 

the top of the spray jet in 

the mixing chamber. As the piston goes 

down on the intake stroke, the cylinder 

sucks in air. As the air passes the spray 

jet, it gathers up a small amount of ( 

gasoline, vaporizes it, and the mixture 

goes into the cylinder. This proportion 

of gasoline and air is regulated by a needle valve. 

We ourselves, of course, by means of the accelerator 
which opens or shuts the butterfly valve shown in the 
picture to the right, decide how much air the cylmders 
shall suck in and, consequently, how much of the 
gasoline-air mixture will go into our engine. 


BUTTERFLY valve OR 

throttle controls 
SPEED OF ENGINE - 


I CORK float 
COhtaolL FLOM 
or GASOLINE 
IN CARBURETOR 


INEEOLIRISCSANO 
1 OFtNS VALVE 


, FEED LINE FROM 
VACUUM TANK 


Sometimes it is necessary 
to use a very rich mixture 
in starting "that is, a mix- 
ture in which there is a 
greater proportion of gaso- 
line. So we pull out the 



**choke,” a valve which 
opens or closes the open- 
ing to the air intake pipe, 
and reduces the amount of 
air sucked into the mixing 
chamber. Many carbu- 
retors are fitted with hot- 
air stoves. We have said 
on another page that our 
engine needs a certain 
amount of heat to run with [ 
perfect efficiency. One of ^ 
the things this heat does 
is to help in vaporizing the 
gasoline that is sucked into 
our cylinders. If our fuel 
is completely vaporized, it 
will burn with greater effi- 
ciency. So we utilize the 
heat of our exhaust pipe to 
warm the flow of air that is 
sucked into the carburetor. 
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THE WELL-TIMED SPARK 

Our piston has gone through two strokes of the cycle. 
SPARK traveled downward on the intake stroke 

and sucked gasoline and air into the cylinder; then it 
has moved upward on the compression stroke and 
pushed the mixture into a much smaller space. Now 
comes the spark from our spark plug. It sets 
the mixture on fire, causing it to expand rapidly 
and push the piston downward with a 
pressure of many thousands of pounds 
and with great speed. What is this 
spark and how does it know just 
when to ignite the mixture? 
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HOW OUR CAR KEEPS 
COOL 

Our engiiie opentes under 
tremendous best end pres- 
sure. The beet generated in 
our cylinders by the burning 
of the mixture of gasoline and 
air reaches about 2,700 de- 
grees Fahrenheit. This is 
aboTe the melting point of 
cast iron or steel, and our 
cylinders and pistons would 
melt as easily as wax if left 
to themselyes. Suppose the 
pistons and cylinders were to 
become so hot that Ihey would 
stick together 1 Our car would 
not go at all, of course. So we 
must find some way to cool 
them. Some cars depend en- 
tirely upon air for cooling the 
engine, just as so many of the 
aif^anes do; but most cars 
use water as their main means 
of cooling, while air is used 
to cool the water. Below to 
the right is a diagram of the 
water cooling system, which 
works with a pump. Our cyl- 
inders, as you can see, are 
partially surrounded with wa- 
ter jackets. As the water in 
this jacket is heated, it must 
flow out and be replaced by 
cooler water. And so we 
have a continuous flow of 
water passing, as it is 
heated, into the upper ^ 
tank; from there it is sep- pc 
arated off into small par- \ui 
tides as it passes through \ 
the small passages of the ’ 
radiator. There it is 
cooled by a continuous 
flow of then it de- 
scends into ^e lower tank ; 
and from a 
there it is 
pumped back 
through the 
water jackets. 

In most cases 
all of the wa- 
ter makes a 

cuit of ^e wa- 1 A 

system every llu 

i^ute while ■ m 

we are driving ■ » 1 

our car^ at flM fl 

niiles an hour. I |D M 


V/. 












RADIATOR 


WATER JACKET 


We have said that as the 
water flows through the many 
small passages in the radiator, 
it is cooled by air. The reason 
why the water is split up into 
small particles is, of course, 
so that the air will be able to 
do its cooling more rapidly. 
The air is kept in drculation 
by a fan which goes around 
at a very fast speed. Many 
modem cars are equipped with 
shutters which open or shut 
automatically to allow only the 
proper amount of air to pass 
through the radiator. For of 
course we must not allow our 
car to get too cold any more 
than we must allow it to get 
too hot. Our engine is a **heat 
and pressure” engine. It de- 
pends for its power on the 
amount of heat, and conse- 
quently, the amount of pres- 
sure developed by burmng 
gasoline in its cylinders to 
drive its pistons. The greater 
the heat, the greater the 
pressure — and the greater the 
power. So to be efficient our 
engme should be as hot as is 
possible with safety — but not 
so hot that its metal parts will 
begin to melt or stick together, 
and not so hot as to destroy 
the lubneating oil, which is so 
important in reducing fric- 
tion in our engine. When 
the car is cold, as for ex- 
— ample when 
we are first 
starting it, the 
automatic 
shutfbrs on 
the radiator 
will be com- 
pletely closed. 
2 Then, as the 
I car warms up, 
’ they will open 
gradually. 


WATER PUMP 
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tXHAUST FROM FNGINE 
WITHOUT MUFFLER- 


WHY OUR ENGINE PURRS 

When we fire a pistol or break an electric- 
light bulb in the open air, we hear quite 
a noise; but when we do it in a closed 
room, a person who is not r^ght m the room 
will hear very little noise. The reason for 
this is that air is very elastic. The dis- 
turbance caused by the explosion is ab- 
sorbed, or taken up, by a rapid expansion 
or contraction of the air particles in 
the room, and very little noise is 
communicated through the openings 
in the room to the outside world. 


EXHAUST MANIFOLD 


What causes the noise? Gases 
from the gun expand in the air and 
then collapse very suddenly^ An 
rushes in to fill the space left vacant 
and the particles of air come to- 
gether with a crash. When the 
partial vacuum of the electnc-hght 
bulb IS destroyed, the air rushes in 
in the same way. 


MUFFLER 


Now if we let the exhaust from the 
engine travel unimpeded through a 
straight pipe connecting with the open 
air, the noise it will make, as the ex- 
plosions from the engine reach the 
air in rapid succession, will be quite X 
unbearable. For the explosions of 
the exhaust are like the explosion of 
a pistol. Burned gases from the cylin- 
ders are pushed out with violence 
and, as they hit the outside air and 
are quickly cooled, suddenly collapse: 
and the air rushes in to fill the space 
they have left. So we must give the 
exhaust a room of its own — or rather 
a house, made up of tortuous hall- 
ways like a labyrinth. The exhaust 
gases reach this labyrinth in a very 
excited state; but as they are made 
rapidly to change in volume and in 
direction, they become less and less 
agitated, and when they finally get to 
the small pipe which takes Aem to 
the open air, they have become quite 
subdued. This house with the laby- 
rinth of passages is called the muffler. 

The picture on the right shows you 
how the muffler is attached to the 
exhaust manifold. You must realize, 
of course, that the exhaust pipe which 
connects the two is almost as long as 
our car. In the circle is a diagram 
showing how the muffler is divided 
up into many little passages. The 
arrows show how the exhaust travels 
through these passages. 
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OUR ENGINE ITSELF 

The object of our engine is to turn the two 
dnve wheels usually the two rear wheels 
of the car How the engine power is trans- 
mitted from the flywheel to the rear wheels, 
has been explained on other pages. On this 
page we are concerned with the moving 
parts of the engine itself. The pistons, con- 
fined m their cylinders, can move only up 
and down The flywheel, which is attached 
to one end of the crankshaft and is shown in 
cross section in each of the drawings to the 
left, has a heavy rim which tends to keep 
the wheel revolving at a constant speed 
once it IS set in motion This flywheel re- 
ceives its impulses, or pushes, in sudden 
shocks as the result of the downward push, 
or “power stroke,’* of the piston on the 
crank It constantly receives these sudden 
shocks, and its duty is to smooth them out 
and deliver the energy of the shocks in a 
smooth turning motion to the driving mech- 
amsm of the car The flywheel has another 
equally important duty It must carry the 
piston through the remaining three strokes 
of the piston’s cycle the exhaust stroke, 
the intake stroke, and the compression 
stroke The picture to the left shows you 
how the pistons fit into the cylinders and 
how the pistons are attached by beanngs 
to the cranks, or turning arms, of the crank- 
shaft The crankshaft, as we have said, 
turns the flywheel The flywheel operates 
the transmission which causes the dnve 
shaft to turn at different speeds according 
to the gear arrangement used The drive- 
shaft turns the axles, which are at right 
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THE GEARS THAT CHOOSE ^ 
THE SPEED AND THE ' 
CLUTCH THAT MAKES V 
CHOOSING POSSIBLE 

A running motor with no way to 
apply the power it develops to make 
it turn our wheels would be no 
use to us at alll And so we 
have a clutch which makes 
it possible to connect or disconnect 
our engine power. For of course 
we must be able to stop our car and 
keep the motor running at the same 
time; and we must be able to select 
our speed. Most modern cars have 
three speeds ahead first, or **low** ; 
second; and third, or “high” -and 
one speed in reverse. Now, in 
order to make use of our various 
speeds, we must first disconnect 
the engine power by means of our 
clutch, then shift to a combination 
of gear wheels which will give 
our desired speed, and then 
apply our motor again by ^ 
means of the clutch. 

LOWSPECO p — g S ^ 

NionpowM 9 S 

DELIVCaiOTO 





KOALDrMesseo — * 

DISCS SEPARATED To the driver, the clutch is just a 
CLUTCH OUT • • pedal he pushes upon when he 
f wants to shift gears or stop his 

rivwHiiL car. Very few people know what 
* the device itself looks hke or how 

it works. Place a silver dollar be- 
tween two fifty-cent pieces and 
hold the three firmly together. 
Now try to turn the dollar and you 
will see that, with only a little 
pressure holding them together, 
It is hard to turn the dollar with- 
out turning the fifty-cent pieces 
mmmmmmmm With it. Our clutch WOrkS Upon 
the same pnnciple and depends 
upon friction for its hold. Engag- 
a ing or disengaging the clutch is 

1 iSKm simply a matter of clamping firmly 
\ » V unclamping a number of 

A Wl\ “disks” which are fastened, some 
to the flywheel and revolving with 
lA., >t, and some to the transmission. 

4b. When they are all clamped to- 
gether, they will all revolve with 
the flywheel. 


KOAL RELEASED 
DISCS TOOITHCR 
CLUTCH IH - • - 


HIGH SPCCO 
LOW POWER 
DELIVERED ID 
WAR WHEELS 



MODERATE SPEED 
MODERATE POWER 
DELIVERED TO 
REAR WHEELS 



9 w ER transmission is very much 

I. ENGINE like a man operating a derrick. 

When he lifts a heavy load he 
turns a little gear against a larger one. 
He has to turn the handle many times 
but he has a great deal of lifting force. 
For a smaller load he increases the size 
of the small gear. His lifting force is 
decreased but he does not have to 
turn the handle so many times. For 
a still smaller load, he uses gears of 
. equal size, turns the handle 
times, and has even 
, L ^ less lifting force. In each of 
l| I these cases he has used the 
• * same amount of energy. Now 

the engine always has the 
same power, but by hitching 
^ this power to different sets of 
• gears we can make it do dif- 

r ^ I ferent things. “Low” gear, 
for example, starts our car 
\ from rest or pulls us up a very 
\ steep hill. Once moving, 
— — ■ \ “high” gear will pull our car 
^OWER along the highway at a great 
mEnsine rate — but of, course, we 
couldn’t USD it for starting. 
And second gear is just between the 
two. Reverse gear does not reverse 
the engine. It makes the driveshaft 
turn in the opposite direction. Today’s 
cars have improved synchromesh and 
all-automatic transmissions. 


m®' 


POWER 

I^ENOINe 


SHAFT TO REAR 
WHEELS TURNS 
IH REVgRSE 


POWER 
I ENGINE 



I SHAFT FHOM 
ENGINE TURNS 
*0 RIGHT - 
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! ■ DEFYING A 

i BUMPY ROAD 

I If our driveshaft— the long 
i shaft shown at the right, . 

] which relays the power from ' 

{ the transmission to the rear 
I axle— were a completely ^ 

: rigid piece of mechanism, it 
' would soon go to pieces. For f 
. every time our car goes over 
a bump in the road, the 
driveshaft must change the sf 
angle at which it delivers jn 

the power to the rear wheels ; \ 

. and so, of course, it must be 
flexible. Our legs and arms 
have joints to make them 
flexible; so has the drive- 
^ shaft. In some cars the 
driveshaft has one joint and tranj 
in other cars it may have '■ 
two. To the right is a dia- 
, gram which shows how the IIJ 
driveshaft changes its posi- ^ 
tion as our wheel goes over , 

'< a stone. Below this diagram 1 

^ is a picture of the driveshaft ^ 

« with its “universal joints,” ^ 

\ and a “close-up” of one of M ^ 
the joints. As you can see m 

• from the “close-up,” the m 
universal joint can turn at I 

' an angle just as the links of I 
a chain can. There are other I 
devices which, if not quite I 
" so essential to the actual I 
driving of our car, are very I 
necessary to the comfort of kpp 
the passengers. There are, 
v for example, the four springs 
' which are attached to the wg^ 
axles and which support the MQ] 
’ body of the car. In combi- H9B 
! nation with the shock-ab- 
Berbers — which keep the 
, springs from throwing any- 
■ one in the car too far or too ■■■■■ 
' suddenly— they save the 
. passenger many a painful 

* jounce. Then, of course 
there are the rubber mount-nNiyf 

’ ings — a series of cushions on""'^^ I 
] which the engine may be i 

^ mounted — which prevent us J 

‘ from feeling the engine vi- I 

brations. And last, but not 1 
^ least, there are the pneu- ^ 

; matic tires which, more than 
] any other factor, have made 

the automobile possible. " ^ 


In turning a corner the wheels 
on the outside of the curve have 
to go a greater distance than the 
inside wheels do 


TRANSHI^SION 


FRONT 

UNtVWAC 






e than the HOW OUR CAR 

do TURNS CORNERS 

BCAB uiurci differential is a fasci- 

Sy ■ .7,": * T nating bit of mechanism 
uqiv£Rg;4L Ooerr which has two very impor- 

^ OUlVt SMATT 


k ^ • is to direct the flow of power 

1 from the driveshaft at right 

angles to the rear axle. Its 
second job is to allow the 
iK' inside rear wheel to go 

j^^ SToNE CM ROAD ground more slowly than the 
OftAB icwci outside rear wheel when the 
^ car is rounding a turn. It is 
easy to see why the first job 
I is important, for your car 

^ may have as much power 

as you like but if that power 
fROHT is not hitched up to the 

IWVtRlAC wheels in some way, the car 

^ will not be able to budge an 

inch! Now the driveshaft, 

as you know, relays the en- 
gine power from the trans- 
mission to the differential. 
Above to the left is •'picture 
that shows you how the 
pinion gear at the end of the 
driveshaft meshes with the 
ring gear to direct the power 
which, relayed through the 
differential gears, will turn 
the two separate axles at 
tmmmm right angles to the drive- 

shaft. And each axle turns 
' i^^ wheel. The second 

UNIVERSAL job of the differential is not 
^ 'loiNT quite so easy to understand. 
^ Why should the outside rear 

wheel go faster than the 
inside rear wheel while rounding a turn? 
For the simple reason that in tiie same 
space of time the outside rear wheel has a 
greater distance to cover than the inside 
rear wheel. A column of soldiers marching around a 
turn has the same problem, and in order to keep the 
column even and in step, the soldiers on the outside 
will have to take much longer steps than those on 
the inside. The differential is a clever arrangement 
of intermeshing gears which work automatically ^ - 
that is, they allow the rear wheels to turn at exactly 
the rii^t relative speeds, no matter whethtr our car 
is making a wide or a sharp curves 


UNIVERSAL 

UoiNT 


DIPfERCNTIAU 
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THE BRAKES THAT MAKE DRIVING SAFE 

If we did not have some means of stopping our car 
or slowing it down, our driving days might soon be 
over.* We should find ourselves-' if there were 
anything left to find 1— in a ditch or over an em- 
bankment in no time at all. In the early days of 
automobiling, when cars chugged along at all of 
fifteen miles an hour, braking was not so much of a 
problem. But as cars became faster and more pow- 
erful, brakes had to be made that would be stronger 
and more dependable. And that is why most mod- 
ern cars have brakes on all four wheels instead of 
having only two brakes— one on each of the rear 
wheels. 


EXTERNAL BRAKE BAND 


INTERNAL BRAKE BAND 


REAR AXLE 




I ' 7 
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BRAKE DRUM 


Now when you are coasting down a hDl 
in an **ezpress wagon” or “scooter,” 
the best way to slow down is to drag 
your foot along the ground and let fric- 
tion do the rest. Friction is what slows 
the car down, too, only the friction is 
brought about in a rather more com- 
plicated way. First we must mount 
brake drums on our wheels. Brake 
drums, as you can see from the picture 
at the left, are rather like saucepan 
lids made of metal. Inside or around 
the outside of each drum we put a 
metal brake band. These bands, lab- 
eled “internal” and “external” brake 
bands, are shown in the picture to the 

Z left. Now the internal brake band, as 
you can see, is covered with an as- 
rcaR WHEEL bestos fabric. The external brake 
band is lined with the asbestos fabric. These two 
brake bands are used in two different kinds of 
brakes. The internal brake band is used in the 
internal expanding brake, which does exactly what 
its name suggests ; the brake band expands against 
the inside of the brake drum and friction stops the 
car. The external brake band is used in the ex- 
ternal contracting brake; it contracts around the 
' brake drum and, by hugging it, stops the car. 
There are, as you probably know, two brakes on 
every car — the foot brake and the emergency, or 
hand brake. In most cars to-day both of these 
brakes are internally expanding, but in some cars 
the emergency brake is externally contracting. In 
any case, the emergency brake acts on the two 
rear wheels only. There is still another kind of 
brake which works on the driveshaft instead of on 
the wheels. This brake, called the 
transmission brake, is shown in the pic- 
TRACTiNG ture to the left. Now the engine will do 
IRAKE a certain amount of braking itself, if you 

4tssiON^ cut off the supply of gas. This is because 

there is some friction in every part of 
the car and it takes a certain amount of 
^ «<gas” to overcome this friction. This braking ac- 
tion works to our advantage only as it helps us to 
slow down when we want to. But in driving ahead, 
I it means that we must always be supplying enough 
I «*gas” to overcome the engine friction. Nowadays 
some cars are equipped with a device that allows 
L the driver, at any moment, to sever the connection 
I between engine and wheels and coast ahead with 
what we call **free wheeling.” 


EXTERNAL CONTRACTING 
EMERGENCY BRAKE 
ON TRANSMISSION-^ 
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TRANSPORTATION 


Reading Unit 
No. 17 


COME AND SAIl. ON AN OCEAN 
GREYHOUND 

Note: For basic injonmUion For statisth aland current facts, 
not found on this page, consult consult the Richards Vtar Honk 
the general Index, Vol. i§. Index, 

Interesting Facts Fx plained 

How trunks arc loaderl on a How time is kept on board ship, 
steamship, 10-294 10 .^00 

How a ship j<cts ready for sailing, What the boiler room is like. 10 
10-295-96 300 

Out to sea on a modern ship, lo- Life aboard the otean liner, 10- 
297-98 300-4 

How landlubbers can get their How the helmsman guides the 
sea legs, 10-299, 304 ship, 10-304 

Things to Think About 

What makes us get seasick? boiler rooms of ships in n*c(‘nt 

Why should we learn the art of years? 

tipping? How does a shi[) s newspaper get 

What changes have been made in the latest news-' 

Picture Hunt 

How are people entertained on ocean liners to reali/.e that they^ 
board ship? 10-301-3 are not at a seaside resort'-* 

What makes it hard for people on ^ 10 293, 295-96, 301 

Related Material 

Which was the first steamship lo a ship will .sink? 1-471 
cross the Atlantic? 10-221 How does the radio help a ship 

How are the storage rooms on to find its exact position? 10 
ships kept “as cold as (ireen- 12 1 

land”? 10-518 How do our ears make us seasick? 

How can we tell whether or not 2-282-85, 10-304 

Practical Applications 

How do pa.ssengers spend their How can we make sure that we 
time on board the modern shall get the best po.ssible .serv- 

liner? 10-300-2 ice on board ship? 10-294-97 

Leisure^time Activities 

PROJECT NO. i: Visit a steam- PROJECT NO. 2: Li.st the chief 
ship. liners and their owners. 

Summary Statement 

When we travel on an ocean find it hard to realize that we are 

liner, we find it .so comfortable not staying in a luxurious hotel 
and pleasant that we sometimes at some popular resort. 
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A MODERN STEAMSHIP 





In spite of all newer inventions an ocean liner like this here, is for the first time sailing up New York harbor 
one can still give the traveler more comfort than any to her pier a brand-new ship. All the craft she passes 
other kind of transportation. The ‘^America,” shown will blow their whistles in salute. 


COME and SAIL on an OCeAn GREYHOUND 

Man Has Lt^arned So Much about Mastering the Wind and Waves 
That Sailing in a Big Ocean Liner Is a Comfortable 
Adventure as Well as an Exciting One 


lER i8. Sanconia Sailing at Noon 
1\)-day/’ read Uncle I'om from a big 
sign standing just outside the door- 
way of a long low building. “Everybody 
out I’’ he laughed. 

For half a minute Ted and Jane were so 
excited that they could hardly move. But 
when Uncle Tom gave each of them a gentle 
tap on the back, they hoppetl out of the 
taxicab as c(uick as a wink. There was so 
much to sec that they scarcely knew which 
way to look first. For of course they did not 
want to miss a single thing. Ever since they 
could remember they had dreamed of this 
very day. Flven that Christmas two years 
ago when father had given them their shiny 
new bicycles, they had whispered to each 
other that they hoped some day to be even 
luckier. Not that they had said so, you 
understand, for they were as grateful and 
courteous as any nice boy and girl could be. 
But all their lives they had wanted above 
everything else in the world to go to Europe 
with Uncle Tom. And here they were at 


last, standing in front of the very pier from 
which they were to sail. 

While Uncle 'Fom paid the taxicab driver, 
the children watched the people hurrying to 
and fro — other passengers also bound for 
Fvurope, and friends come to see them off. 

Although it was two whole hours before 
.siiiling time, Uncle Tom said they were none 
too early. All really wise travelers get every- 
thing ready before the last minute if they 
are going abroad. Of course, father and 
mother and Aunt Janet had not come yet, 
but they were going to arrive a little later to 
bid the happy voyagers good-by. Uncle Tom 
said that meanwhile he would put everything 
in “shipshape and Bristol fashion.’* Cer- 
tainly no one could beat him at that. For 
Uncle Tom was an old sea captain who knew 
all the ins and outs of ocean travel as few 
people ever learn them. 

Ted wondered how the porters could carry 
so many heavy bags, and Jane was glad that 
she and I’ed were taking the lightest baggage 
they could get along with. Uncle Tom had 



^93 



Iho by french 1 11 c 

The tun took Uncle Tom, Jane, and Ted past many 
piers like the one you see above There they saw 
great steamers docked, some ready for the long trip 

msibled upon that, for he had l)etn to Luro^je 
man}, many times, and he knew e\actl> how 
foolish it IS to take anything \ou can do 
without 

Loading Trunks on a Steamship 

Just inside the entrance to the ])Rr was a 
wide roadwaj along whieh trueks and ta\! 
cabs were hurrjing the great boxes and 
heavy trunks that were to be put into the 
hold of the “Sancoma ” On either side were 
two flights of stairs, and between them was 
a great moving bell very much like those 
led and Jane had seen in the jiower plant 
at home, but a gre it deal wider As it crept 
upward like a great crawling snake, it carried 
suitcases and traveling bags, small boxes, 
packages, and even trunks Ft was certainly 
a labor saver, as anyone who has ever earned 
a heavy load up a long stairway will agree 

The porter whom Uncle Tom had asked 
to carry their bags followed close at their 


across the ocean Others were just landing their ex- 
cited swarm of passengers amid a great confusion of 
baggage, porters, and customs oflicials 

heels When he had put Ibtn baggage on 
the moving bell, or freight ese ditor, as il is 
called, Lntlc Tom handed him iifu cents 
lhat was to pay him foi his work whuh in 
this case h-id b( (11 Mr\ (.as\ I Ik bigswin 
light and tin dislanit short \s I lulc I om 
explained laUr, tin rt is a guat d( d to be 
learned about “tipimig * Jo tip too nuuh 
is just as bad as to tip too little It tdls the 
attendant right awav lhat you are not used 
to traeding Vnd since an\ traveler’s com 
fort dci)t nds to a gre it ( xtent upon the ser\ 
lec he gets from attend ints, it is realiv 
important to learn the art of tipping at the 
outset 

A Tip for the Porter 

At the head of the stairway another porter 
took the bags from the escalator and put 
them on top of his small truck, alreaely piled 
high will! the bags of other passengers It 
was his business to wheel them along the 
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pier to a place near the boat, where one of 
the baggage stewards would take charge of 
them. He, too, would receive a quarter 
from the pocket that Uncle Tom had so 
thoughtfully filled with change. 

Walking along the great pier, the children 
saw sights such as they had never seen before. 
Through an open- 
ing at the far end 
they caught a 
glimpse of the 
mighty Hudson, 
with the tugs and 
steamers, freighters 
and ferries that were 
moving up and 
dowm, back and 
forth, upon it. 

Through the wide 
openings at cither 
side they s<'iw the 
hulls of great steam- 
shi[)s. UikIc loin 
said the one to the 
light was the “San- 
conia.” All about it 
yieople w'ere hurra- 
ing up and down. 

Up tile brightl\- 
carpeted, canopied 
gangw^ay hustled 
|)assengers and 
stewards, officers 
and visitors, de- 
liverymen and 
messengers. Xt)t 
far away stew’ards 
were placing bag- 
gage of all sorts in great nets in which it w^as 
later lifted aboard ship b} means of ropes 
and pulleys. 

Tidying up a Ship 

“Another labor saver,'’ said Uncle Tom. 
“And now let us look along the other side of 
the pier before we go aboard. The famous 
“Egcria” is docked there. She is the fastest 
boat afloat and one of the finest ever built. 
She came in only yesterday and wdll not be 
sailing again for four more days. That’s why 
there are no people hurrying off and on. 
And yet, as you can see, all is astir on board. 


Painters and carpenters, engineers and in- 
spectors, electricians and able seamen — all 
these and many others are putting her in 
order for her next voyage.” 

Walking back across the pier, Uncle Tom 
called a steward to lake their baggage to 
their stateroom. As they went, he told the 
children of the other 
ways in which bag- 
gage may l)e han- 
dled. He cxplaincfl 
how trunks and 
bags that will not 
be needed on the 
boat are stored in 
the hold of the ves- 
.sel if marked “Not 
Wanted,” and kept 
there until calle<l 
for at the end of the 
\ oyage. He also 
told how those that 
may be needed on 
the trip should be 
marked “Wanted,” 
so that they will be 
}daced right in your 
stateroom where 
you may get at 
them w'hencvcT you 
like. And, of course, 
he again told the 
children how’ im- 
portant it is that 
every trunk and bag 
he securely locked, 
strongly strapped or 
rojH‘d, and carefully 
tagged and addressed to its owmer. 

Soon they found themselves in front of 
“510,” the statcrtxmi that was to be theirs 
for the ne.xt six days. The children were 
suri)rised to find it so large and so thoroughly 
m(xiern and comfortable in every way. It 
was beautifully furnished and spotlessly 
clean - quite as pleasant as the living room 
at home. A large bureau, two easy chairs, 
a dressing table, several mirrors, two cozy 
beds, and a sofa that could also serve as a 
bed, all made the room cheerful and home- 
like. In less than a minute all agreed that 
Jane would sleep in the bed nearest the win- 



( iinii 1 \Miili St ii I'tioiu 


In this handsome writing room first-class passengers on 
the “Queen Elirabeth” write the innumerable letters that 
seem to be a duty on every voyage. This is the world’s 
largest ship. She has a gross tonnage of 83,673 tons. 
Her overall length is 1,031 feet and her breadth 118 feet. 
She has fourteen decks and provides thirty-five public rooms 
for the comfort of her thousands of passengers. 
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dow iind Uncle Tom in the other lu'd, while 
Ted w'ould use the sofa. 

Sitting down on the edge of his own l)ed, 
Uncle Tom heaved a sigh and said that he 
was glad to have such a good place to sleep. 
As he explained to the children, sleeping 
quarters aboard ship had not ah\a\s been 
so nice as this 
\\)t very man\ 

\ears ago, when 
there was little 
but hiird bunks, 
one above the 
other, even the 
weariest traveler 
had found it diffi- 
cult to get the rest 
he needed. Now 
almost e\ery con- 
venience known to 
the home could be 
had in a stateroom 
aboard ship. TIot 
and cold running 
water, forced ven- 
tilation, electric 
linits, c\cn an 
electric fan, were 
all to be found in 
the t h i c k 1 } - 
carpeted state- 
room which was 
to be theirs for this trip Of course lhe\ were 
lucky to be traveling first class, Init L'ncle 
Tom assured them that SKond and even 
third-class staterooms were far more com- 
fortable than any staterooms used to be. 

While they w'ere examining their new 
home, the steward appeared with a number 
of packages, all wrapjied in gay jiapcr and 
beautifully tied. With (|uick fingers led 
ard Jane began to open them There was 
a package of books from Aunt Janet, each 
bearing some sort of message wishing them 
‘'bon voyage*' (boX vwa'>a/h')- As Ted 
and Jane knew, that w'as the I rench w'ay of 
saying “pleasant tri])," and the w^ords one 
always uses in sending greetings to a friend 
going abroad. There were also a box of 
flowers fiom Mrs. Wilson, Jane’s favorite 
neighbor at home, a great basket of fruit 
and candy from father and mother, a large 


jar of hard candies from Cousiii Ruth, an<l 
three pretty handkerchiefs from the Brown 
children. One of the jiackages, addressed to 
Uncle Tom, contained a small box of ( hoice 
Havana cigars and a copy of the latest de- 
tective story— the gift of his old friend. 
Captain Robbins. Kven more interesting 

were the three 
packets of steamer 
letters, eacli con- 
taining six litters, 
one tor cMch da\ 
at sea. Fed 
wanted to open 
his at oiKe, but 
Uncle Tom pei- 
suaded him to 
save them until 
later. 

As thev sat .id 
miring their ])ris 
c n t s , mother, 
father, and Vunt 
Janet a])peaietl in 
the (loorwaN 
d hen, of course, 
theie were shouts 
()1 greeting and 
“iha nk-\ ou’s, ” 
and a great de.d 
of e\iit(*d talk 
When all the gifts 
had been shown, Uncle lorn rang lor the 
steward and asked him to jiut the flowers 
and fruit in the relrigeratoi for a few hours 
That would freshen the jiosies, he said, and 
“keep the cabin from smelling like a fruit 
store ” 

Tips Get Good Tables 

It was then time to look after the many 
m.itters that all good voyagers attend to at 
the first possible moment. So off went Uncle 
'Ibm to secure their places in the dining salon 
(sa'loiX'). If he had told any of the officers 
who he was, he would surely have been in- 
vited to sit at the Captain’s tabic, one of the 
honors on any shij); but Uncle Tom was on 
a real holiday and had brought no dinner 
clothes with him. Then, too, there were the 
children to consider, and this meant that he 
ought to have dinner as early as possible ' 



eiiofo court. s> IlcilUn I V tin . i I iti« 


By no means all the staterooms on the ^^Nieuw Amsterdam** are 
so luxurious as this one, but in all of them the architect and deco- 
rator have made every effort to combine comfort and beauty. If 
you were sitting in this stateroom nothing around you except the 
porthole at the far left would suggest that you were at sea and 
not m a fashionable hotel. Cabins as expensive as this one are 
placed amidship, where there is least motion 
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Blowing whistles crowds, the shouting of gay rail, frantically waving their handkerchiefs, but their 

good-by*s and of last-nunute messages what a din faces have become a blur across the ever>wtdening 
accompanies the great ship as she slips gracefully away strip of water which separates the stay-at-homes from 
from the pier. Ted and Jane are leaning against the those who are gomg out to sea. 


each evening;. The \c‘iy \\«iy in winch he 
asked for three jilaces at “Table i8” “the 
first sitting’' must have impressed the thief 
steward, for siaueK a minute passed before 
Tncle 'Tom had the proper checks in his 
hand. lie smiled as he look them, for he 
knew that not all passengers tmd it so easy 
to get what the> want. \s he told father 
liter, it usually take^' a generous tip and a 
little forceful talk to get that. 

Where to Have Your Deck Chair 

Next came a trip to the (hair stew’ard, 
from whom Uncle Tom rented three deck 
chairs. Knowing that the winds from the 
north arc very chilly as they blow across the 
sea, he selected wTll-j)rotected chairs amid- 
ship on the starboard side. I'liat would be 
the south side on the way over. He was 
also careful to sec that they were far enough 
from any hatch, or companionway, to escape 
the traffic that w'ould surely come and go up 
and downstairs. Handing the chair steward 
four dollars and a half, he tucked the receipts 
into his pocket, knowing that he might need 
them later on. 

Then awaiy he w'ent to the bath steward 


to set a time for his own and the children’^» 
dailv baths. He had heard too main peo[)le 
grumbling about the (xld hours thc^y had for 
bathing, and he was going to take care that 
they should all get their baths the first thing 
ill the morning. 

That <loiie, he went to the purser's office 
and left a anall package of valuables loo 
precious to bo carried about or left in his 
St ileroom. He knew that it would be jier- 
fecth sale in the purser’s .strongiio.x. 

And now' that everylhing was arranged, 
he returnc'd to the stateroom and suggested 
that lh(*\ all go on deck where lhe\ could 
watch the other jiasscngors coming and 
going. 

“All Ashore That Are Going Ashore T* 

How' inliarsting it was I Some were laugh- 
ing and gay; others sad and tearful. Stewurds 
w’ere rusliing back and forth, officers w’alking 
up and dow'n. The children had never before 
seen such excitement or heard so many dif- 
ferent languages. Messages were being given 
in I’rench and German, Italian and Span- 
ish, and any number of other languages 
besides. 
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This charming little house with its interesting inhab- memories, and will easily form attachments for an 
tants is for the entertainment of the ship’s younger entirely new set of people on each voyage. A super- 
passengers. The dolls and Teddy bears have short visor will see to it that no one is unhappy or bored. 


inen suddenly above all the hubbub a 
whistle sounded and an olTicer called out, 
“if^ll ashore that arc going ashore!” There 
WwiS a rush of last-minute farewells and then 
the visitors all hurried off the boat. 

The Greatest Thrill of a Sea Voyage 

As they kissed mother and father and 
Aunt Janet good-by, Ted and Jane almost 
wished they were sta>’ing at home. But 
their sadness soon passed, for it was only a 
minute before they saw father waving his 
hat from the pier and mother smiling and 
waving her handkerchief. Ted waved the 
small flag he had put in his pocket, and Jane 
waved both hands as hard as ever she could. 
Everybody on the boat and the crowded 
pier seemed to be calling out final farewells 
and waving furiously. Rolls of brightly col- 
ored paper ribbon were thrown by many 
people on the pier, and some few were even 
caught by those on deck. It was like a 
shower of ribbons. Then the whistle sounded 
again, and the great ship began to move 
slowly away from the dock. The small tugs 
that pushed her from her mooring place 
steamed and puffed as they slowly nosed her 
out into the river and turned her about. 


As soon as the “Sanconia” lay in tht 
middle of the stream, her how ]>()inting down 
the river, the pulling little tugs backed away 
from her. At that instant the huge vessel 
quivered from stem to stern. It almost made 
the children fear something might be WTong. 
Uncle Tom, howcv(*r, pul them at case by 
'saying that the vessel’s great engines had 
now been stalled and that under her owoi 
power she was ready for the long ocean 
voyage. As the “Sanconia” steamed ma- 
jestically away, the friends on shore koi)t 
shouting and waving until they could no 
longer be heard, and at last faded from sight. 

Out to Sea on a Modern Ship 

But there was no time to be sad about 
that. One by one the great skyscrapers of 
the city were slipping past ; then the islands 
out in the ba}'^, the Goddess of Liberty, the 
forts that protect the harbor, and the light- 
houses and buoys by which sailors guide 
their ships. All these things were so inter- 
esting that Ted and Jane had no time for 
thinking of anything else. 

But Uncle Tom did suggest that they go 
to the writing room and send a little note to 
mother end father. If they put it in the 
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The enKine room of a great steamship is a maze of lant sernce as a transport during World War II. She 

machinery all polished and shining with the parts bears the name of a still more famous predecessor the 

moving at tremendous speed when the ship is in motion finest ship afloat in her day That ship was scrapped in 
Their throb IS felt in every fiber of her structure Here 1936 after nearly twenty j ears of service Oil burners 

we show a section of the generator and main switch- like the *'Mauietania” spare the lives of many a stoker 

board on the "Mauretania.” a famous ship that did gal- of the type wht served the old-fashioned coal furnaces 

ship’s post l)i)\ within h ilf an houi alter \\ hen the tin ee wi re all w rapped u|) snug 

silling lime it would go back to shore with and warm liule lorn told the ehildren a 

the ]nl()t boat when this took the pilot b\ek lot ot things thit all tra\elers need to know 
to port, after he had guided the big slop out -Mnne all, Ik said the) must not wateh 

through the narrow winding channel ot the the wa\es too mueh for the first few hours 

harbor whuh he knew so well tht\ might as well elose their e\es while 

When then notes weic w iitteii, I nele lorn the\ talked Later thc) would walk up and 
show e'd them their deck eh urs I lunr names down the deek until they were used to the 

were alread) on the baeks ol their seits. loll and pitch and throbbing of the \essel 

as were those of all the othi^r passengei- In that wa\ most of the landlubbers ean get 
who had rented ehairs I he wind was al- then r sea legs and pi obabK esc ajic being sea- 
rcady getting a little ehilh, and Uncle lorn sick He also told them not to eat loo mueh 

ask(‘cl a steward to bring then ga) , warm for the hrsl da\, and to get all the fresh 

steamei rugs Then he explained that the air thc\ could 

steward would put awa)^ the rugs each e\c- In tact I ncle lorn seemed to ha\e a 
ning, but that they could alwa\s be had for thousand things to tell tar more than Fed 

• the asking if one wanted to sit on deek and Jane could lemcmber when lhe\ got back 
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home and tried to rej^eat it all to everybody. 
.\nd all the things they saw and heard were 
new marvels to them — from the number of 
languages the stewards could speak to the 
fact that they had to set their watches for- 
ward every morning to keep up with the sun. 


after flight of steps, they linally reached the 
room where the great boilers were heated 
by oil burners. As he showed them to the 
children, the officer told them how much 
cleaner these burners are than the- old coal 
grates that were used until only a few years 


They were interested to know that This young officer is -shooting the Un til then 


aboard ship time be- 
gins at noon, that it 
is kej>t by striking 
bells every half hour, 
and that the day and 
night are divided 
into ‘Svatches” of 
four hours each. Tt 
was then one o'clock 
and Uncle Tom e\ 
plained that the sailor 
w’ould call it 'Two bells” 
of the "afternoon 
watch.” Ilalf-pust one 
would be three bells, four 
o’clock w'ould be eight 
bells, and .so on. 

Then Uncle Tom took 
them to see various other 
parts of the ship. In the 
library they found all sorts 
of interesting books and 
magazines, and a libra 
rian ready to help them 
find what they would like to 
read. 

They saw the handsome 
lounges where passengers sal 



sun” which simply means that he hardworking men 
is finding out the height of the sun .n i 

above the horizon. He takes his <-dlucl stokers la- 
measurements by means of a sex- bored night and dav, 
tant, and when he has done some . , 

further problems in mathematics m a si ifling tempera- 

he knows the esset position of his mre, shoveling coal 
ship upon the earth’s surface. ^ . 

into the great fur- 
naces in order to 
heat the water in 
the boilers and so 
make the steam that 
lurncd the engines and 
kepi I he ship moving. 
In the engine room there 
was more big machinery 
than Ted and Jane had 
ever seen before, bul eacli 
])iece of it Avas as bright 
and .shiny as a new watch 
.Mt‘n were working on it 
nightand (lay, oiling and jx)!- 
i.shing and kec^jung it all in 
perfect order. All these men 
were hardly ever seen by the 
passengers, but without them 
the big shij) would never ]flow' 
through the waves. 

“And now that you know’ 


what makes the .ship go,” 

and read, talked, or played French LineBodIl.wii».uricATn«riranLine giiid L’ikIo I'om, "let’s get 

cards, the beautiful big swim- Here is old Father Neptune himself, back to the lounge and listen 

ming pool, and the many place when a ship crosses the Equator, the band concert. 1 here 
shops where one could buy in the old days of sailing ships any t,ne each afternoon. 

almost anything from a tor before, was brought before a mem- Besides, wc don t want to 

camera film to an evening *^tir afternoon tea. 

wrap. With its barber shop sailor had to submit to all kinds of play- When the bugle sounds, that 

and restaurant, florist an<l means food. You’ll soon d is- 

confectioner, the "Sanconia” that he could c^l himself a true world cover that eating is one of 

was truly like a floating city. ttSrlndent’raltoS^ta^^beVn the things you’ll do oflenest 

Later on, when Uncle Tom although -Weptune” may stui on this voyage. The salt air 

j. 1 4.U 4. 1 hold court as a ship crosses the Equator. .... u 


discovered that the second 

officer was an old friend, he asked him to 
show the children the huge boilers that 
furnished the power for the ship’s engines. 
And of course the Second Officer was glad 
enough to do it. Following him down flight 


will keep you hungry most 
of the time.” And they found it to be true! 

After tea they went on another tour of 
inspection. This time they saw the broker- 
age office, where the latest reports of stock 
market prices are posted as they are received 




In the ship’s great dining room Ted and Jane could to eat at a big hotel on shore. They were amazed to 
order almost any of the things they might have had see how many different foods the ship’s ice bos held! 



PhtSoi b7 Cunird WhUo ^tiir Ltd. 

On t ship’s promenade deck passengers may walk or 
, play games or just sit in the sun. In bad weather 



they have this comfortable lounge in which to read or 
talk with friends, safe from spray and icy winds. 
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by radio from New York, now many miles 
away. With these came all sorts of other 
news of what was hai)]>ening on land— w’ho 
won the baseball games, what the President 
and Congress were doing, and many another 
thing. Ted and Jane learned that I here 
would be a newspaper every day during the 
trip -“printed on the boat! 

It was now time to 
get ready for dinner. 

Many of the })eoj)le 
would put on evening 
clothes, but our three 
travelers were just 
out for a good time, 
and not for style, 
on this trip. Yet when 
the bugle sounded, 

Jane was in her 
pretty new blue dress, 
and Ted and Uncle 
Tom had on clean 
white shirts and dark 
suits. Kven though 
they had taken tea 
only an hour or so Ije- 
fore, they were as 
hii igry as wolves. 

And the dinner was .st) 
go<xl and plentiful 
that they found it 
hard to remember 
Uncle Tom's caution 
about not eating too 
much until they got 
used to the .sea. They decided later that 
dinwer was one of the pleasantest experiences 
of each day, for besides the mere clelight of 
eating there were all the interesting stories 
with which everyone .seemed ready to amu.se 
his table companions. 

The evening was pleasant, too. There 
was a concert in the lounge given by one 
of the passengers, who was one of the most 
famous pianists in the world. And after 
that there was dancing; and of course no 
healthy voyager would think of turning in be- 
fore he had first done his mile around the 
deck. By the time they had done all that, 
Ted and Jane were more than ready for bed. 
As they fell asleep they were still thinking of 
t)hcir wonderful first afternoon at sea. 


When the steward tapped at their door at 
eight the next morning, Ted and Jane did 
not feel the least bit like crawling out of 
their comfortable beds, but the sight of 
Uncle lorn putting on his last shoe sent them 
scurrying into their bathrobes and down the 
corridor to the bathroom. Since each jxissen- 
ger had only fifteen minutes for bathing, 
they knew that there 
was no time to waste. 
In a moment a good 
shower of hot salt 
water took all the 
sleep out of their 
eyes. They were not 
going to miss any 
chance of a shower 
like that on the trip. 
They told Uncle Tom 
the old ladies could 
have all the fresh 
water- they wanted 
to experiment with 
the special soap that 
must be used with a 
sail balh. 

They all took a few 
turns around the deck 
— six times around 
made a rrilc* and 
then to the slt'aming 
breakfast ! After 
this began another 
bu.sy and exciting <la\ 
— walking and run- 
ning round the various decks, basking in 
the sunshine, watching the great waves a*' 
the “Sanconia” plowx-d through them, play- 
ing deck tennis and shuftteboard and any 
number of other games, dancing — and of 
course forever eating. 

There was bouillon at eleven o’clock, a 
“movie” and lea again In the afternoon, the 
band concert, more dancing at night, and 
another musical program by one of the tal- 
ented passengers. A visit to the ship’s kin- 
dergarten, where the .smaller tots were 
Ixjing cared for by trained teachers, a trip 
to the well-equipped gymnasium, and a tour 
of the decks below, set apart for the use of 
second-class and third-cla.ss passengers, all 
came during the course of the day. 



This is the ship's “bridge,” where certain of the ship's 
highest officers are always on watch to see that their 
vessel with its cargo of lives comes safe to port. In 
case of danger the captain will “take the bridge” and 
will never leave it unffi all danger is over. His meals 
will be brought to him and he wjll snatch only an hour 
of sleep now and then. On vessels of any size a 
public-address system will make it possible for him 
to issue commands by word of mouth to every post 
on the ship. If a ship goes down, the captain must 
be the last to leave her. And if he is a sailor who 
takes a deep pride in hia profession he will prefer to 
go down with his ship. Fog is the sailor’s worst 
enemy. The two horns on the great smokestack 
above will blow every two minutes if the ship runs 
into a fog on the high seas. 
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“Water, water everywhere” and a beautiful swim- This one is not unlike a Roman bath, but what a 
ming pool besides, where anyone may take a plunge. surprise it would have been to any ancient Roman’ 
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Every ship hatf a salon or ballroom where, when night or to listen to the ship’s orchestra, which is always 
has fallen at sea, the passenfers may gather to dance made up of skilled musicians. 
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But as they went to bed that night they 
talked most of all about their wonderful visit 
to the bridge of the “Sanconia,” where they 
had watched the helmsman guide the ship 
and had seen the marvelous compass by 
which he kept his course. There, in the 
chart room, they had also seen the many 
charts, or sea maps, which showed the depth 
of the water, what the bottom of the sea 
was like, where the various currents were, 
the prevailing winds, the location of light- 
houses, channels, and buoys, and such other 
information as the helmsman needed to have. 
Of course any niece or nephew of a man like 
Uncle Tom was a prett\' special sort of per- 
son! — Ted and Jane WTre aware of that when 
the officer let them put their hands on the 
big wheel for a minute. And he showed them 
the machinery that steers a big Ijoat auto- 
matically except at times when the waves are 
very high. 

The Thrills and Fun of a Sea Voyage 

It would take a whole hook to tell all that 
Ted and Jane did on this w'onderful voyage, 
for Uncle Tom kept them busy every day 
fr<'m morning till night. As they made 
n.idy to land at the end of their six days’ 
trip, they had far too much to remember. 
There had been a masquerade j)art)' the 
fourth night out, and a cliarily night when 
almost everybody took some j)art in the fun 
and helped to raise money for the disiibled 
sailors in hospitals ashore, 'riieii they had 
passed another great liner out on the s<*a, 
and had even sighted a huge iceberg slowly 
drifting dowm from the north. And the 
whales they had seen! And the schools of 
porpoises! And the life-saving drills! 

What Makes Us Get Seasick 

Jane said that she would never forget the 
stormynight when the billows heaved and the 
great ship pitched and lunged through the 
tossing sea. Uncle Tom said it was only a 
little squall, but Jane found it worse than 
that. Things had gone wrong underneath 
her sash somehow, anrl the billows were not 
doing all the heaving. It all ended in a trip 
to the ship’s hospital, where the doctors and 


nurses took care of her. d'hey even told her 
it was not her stomach that bothered her at 
all, but her ears! When you get seasick, it 
is the fluid in the little canals of the ear that 
makes all the trouble. 

Ted Longs to Become a Sailor 

Ted had been lucky enough to escape all 
that, and he was thinking most about all the 
fine officers he had met. After he had talked 
with the captain he felt sure that he would 
have to be a sailor when he grew up. Of 
course he was a little discourag(‘d wlien Uncle 
Tom told him about all the hard work officers 
must do for many y(‘ars before they reach 
their high rank, and of how the}' have to 
spend their whole lives at sea. lint all the 
officers, the captain, the first officer and sec- 
ond oflker, tlie chii‘f surgeon, the purser, the 
chief engineer, and even the chief steward, 
looked so splendid in their trim uniforms, 
w'ilh golil stripes and other decorations, that 
'fed thought he would be willing to go 
through anything if he could onh look like 
them and help to direct somt‘ great liner like 
the ‘‘Sanconia.” 

Tips, Tips, Tips ! 

Long before docking at their Knglisli port, 
Uncle Torn had given uj) their tk^kets to the 
])urser, and had made sure th.il their j)ass- 
•ports, w'hich had been j)ro|)erl\ visai'd before 
they sailed, were lucked safelv away in his 
bill folder rc*a(ly to be shown to tlu* authori- 
ties when the time came to land. Just before 
they left the ship he was busy handing out 
the usual tips to all the stewards wlu) had 
been of .service to his j)arty. lie took care 
to give the lij)s in Knglisli money, which he 
had secured at the purser’s office. 

When, finally, tin* “Sanconia” had docked 
alongside the pier at Southampton, and the 
gangway had been let down, Jane, Tc‘(l, and 
Uncle Tom handed an officer the landing 
tickets they had rt*ceived at lireakfast 
that morning, and started down the pier 
to the boat train that was to carry them 
to London. Ted and Jane told Uncle Tom 
that their trip across the wide Atlantic had 
been .something beyond their rosiest dream. 
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BOM'S I'O PLY BENEATH THE SEA 

\oti: For haste injormation For statist h aland i urn nt jndSy 

not found on this paf^c, consult consult the Rn hards Year Book 
the general Indix, Vol. 15. Indtx. 

Interesting Facts Explained 

W h> John P. Holland needed ex> How submarines can rise or sub- 
atlly S-;47.H). 10 307 merge al will. 10 

Submarine invention in America How olfuers ^ee the world from 
and hrante, 10 the submarine periscope, 10- 

The lirsl submarine to sink a war- 3 10 

shi]), 10 ^08 The dragoiib of the World Wars, 

Why submarines cannot go very 10-310 

deep into the water, 10 -^og 

Things to Think About 

Why does a submarine not dare electric y)ower? 

to go moie than a few hun<lred How docs a periscope work? 

leet below the surface.-' \Vh\ is it an ad\antage for sub- 

Ibm is a submaiine nuule so that marines to go deep? 

It tan submerge rapidly.-' How is the submarine used in 

How does a submarine get it^^ wartime? 

Picture Hunt 

What is the i)rinci|)le on which when it is stripped for action? 

the periscope w^irks^ 10 306 10 307 

What does a submarine look like 

Related Material 

Wh.it makes things sink or float 3 -245-46 

in water? 14 535, i 467-74 What does a storage battery con- 
Wh\ is it dangerous to work in sist of? 1-498 

compressed air? i 461-62 How did Daimler's internal-com- 

How do salmon travel up a river? bustion engine work? 10-278 

Leisure^ti me A ctivities 

PROJECT NO. T : Make a peri- an experiment to show' how the 
scope, 10 306 lead will sink and how it can be 

PRoJeCT no. 2: With a toy made to float. 1-470 
boat and a piece of lead, work out 

Summary Statement 

Although submarines have been thought they might be used for 
used only to blow men and dredging the ocean floor, for navi- 
women into eternity. Simon Lake, gating ice-bound harbors, and for 
when trying to invent them, recovering sunken treasure. 
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After taking a long, careful look at these 
pictures you will find it easy to understand 
how a periscope works. You may even 
make a simple one out of a couple of mir- 
rors and a piece of old stovepipe. In the 
big picture we have a glimpse of the inside 
of a submarine, and can see how the per- 
iscope tube, with its little mirrors at the 
top, thrusts up through the water. The 
mirrors catch ^e view all around the hori- 
zon and reflect it to the mirror below. 
There it makes a picture that faithfully rep- 
resents what is to be seen above. The little 
picture at the right shows how simple the 
principle is. lliat youngster on top had 
better look outl 
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Odiriikl DronTtiiH III nf Di'foim 


This is the USS “Pickerel,” a i, 850-ton “guppy snorkel” trance to Pearl Harbor, having traveled a distance of 
submarine, famous for its long under-water trip in 5t200 miles. It was a record, and the trip made head- 
1950. It went down off the coast at Hongkong and lines around the world. The “Pickerel” owes this rec- 
came up 505 hours later- over 21 days near the en- ord to its snorkel, or breathing tubes, that supplied air. 

BOATS to PLY BENEATH the SEA 

The Submarine, First Built over Three Hundred Years Ago, 
Can Travel either above the Water or beneath It 


ND I need exactly $347.1 9. If only T 
could get hold of that much!” 

It was ill 1893, ill a restaurant in 
New York, and the speaker was John P. 
Holland. Not so many years before, he had 
been a school teacher in Ireland. But his 
head was full of the i<lea of making subma- 
rine boats. lie had conic to America with 
the plans that the j^eople in his native city 
of Cork only found ab.su rd. For twenty 
years or so he had been making one subma^ 
rine after another, and learning a little from 
every failure, no matter how hard people 
laughed. But he had gone through every 
cent he had, as well as all that he could 
borrow. And now the government in Wash- 
ington was inviting plams for a submarine for 
the Navy, and he did not even have enough 


to draw the j>lans. lie was telling it all to 
a young friend. 

‘That’s an odd figure,’’ .said the friend; 
“what is the nineteen cents for?’’ 

“Why, for the ruler I must have to draw 
the plans.’’ 

The friend was impressed by the close esti- 
mate, and found the money for the inventor, 
fn exchange he took stock in the Holland 
Torjiedo Boat Company. And in due time 
he became a millionaire; for Holland’s plan 
won in the competition, and he secured 
orders in America and from other lands. 
The Holland No. 9, put in commission by 
the United States in 1000, may be said to 
have been the first of the modern submarines. 

Not but that there had been submarines 
before. As far back as 1620 a Dutchman 
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Drmwinii by Jamta CutUr 


This is the guppy submarine, named after a stream- the radar equipment, and the snorkel. Since this boat 
lined little tropical fish. Its smooth surface is broken is under water most of the tiine her deck guns have 
only by the conning tower, which houses the periscope, been removed, and new electric torpedoes have been 


mimed Van Drehbel built three under-\\ater 
1 ' 'ats for King James 1 of England. Each 
was a big w'oodcn vessel with a water-tight 
deck covered with thick, well-greased leather. 
Twelve rowers propelled the boat at a de])th 
of twelve feet, and they could stay under 
w’ater for several hours. But how Van 
Drebbel kept them from suffocation we can- 
not guess. If he had found out the .secret of 
compressed air so long ago, he took it w ith 
him to his grave. 

The First American Submarine 

Then in the American Revolution a Vale 
student named David Hushnell made a sub- 
marine out of heavy oak, aiul Sergeant Lee 
\entured out into the harbor of New York 
in it. He got under a British ship and tried 
to blow^ it up. But he coulil not manage to 
attach his e.xplosive to the copjier bottom of 
the ship. Later, Robert Fulton tried to in- 
terest Napoleon in a submarine that could 
stay under water for four hours and carry a 
torpedo. If Napoleon had harl faith in it, 
the Battle of Trafalgar might possibly have 
had a different end. 

In the American Civil War the Cnion 


V(‘ssel “Ilousatonk” was blown iij) at 
Charleston by a Confederate submarine 
named the “Hundlev ’’ though she was often 
called the “David” bivause she seemed suih 
a little craft U) go forth against tiie giants of 
^ the sea. She went down with the boat that 
she d(‘stro\ed. She was the tirst subm.irim* 
tf) sink a WMrshi[) and the last to »lo so 
until the First World War. 

The First Successful Submarine 

In the meanwhile (ame Holland, and a 
number of other men working at the inven- 
tion in America and France, .\mong the 
others, Simon \\ Lake is the most note- 
worthy. He was the rival of Holland, and 
his submarines were fitted w’ith wheels for 
use at need in traveling on the floor of the 
sea. 

'Die first Holland submarines were only 
about fifty feet long, and w'eighod only about 
tw'o hundred tons. But in World War 11 
the Japanese had submarines weighing as 
much as 4, boo tons and Midgets carrying 
only two men. 'Phose in our own Navy 
weighed between 1,525 and 1,570 tons. A 
submarine’s St rength and speed do not depend 






installed, which hi« bilently at targets located by which will drive the guppy 8 knots faster than older 

instruments. To ballast the narrow, high ship many boats. Thanks to the snorkel the guppy's crew re- 

more powerful storage batteries have been added, mains comfortable under water for weeks at a time. 


on its ‘.i/f riif sulmiiirino is just a lioat that 
can tra\cl cMtlicT on llu* surface of the water 
or hencMth it Hut in order to do that it has 
to he a \erv peculiar kind of boat. U is 
therefore very c onijilic ated, and there are 
also man} kinds, thoui^h the main fealuies 
of them all can he c*\j)lained fairl} easil\. 

Idrst of tdl, it must he sloutl} huilt for its 
special j)ur|)ose of sta\in^ under walei, 
where it has to stand all the prc\Nsure, or 
wei^jjht, of the* water over it To that end 
it may have a single hull of siec*l, or a douhle 
one, and if a douhle one, nitiny of the tanks 
and sup|)lies are stored in the sp.ue hetwTcn 
the hulls, 'rhe depth to which suhmaiines 
can Ro is determined h} the jiressure. H\ 
changing the dc'sign of the hull the diving 
de|ith has been increased from four hundrc‘d 
to one thousand feet. 

In order to rise or submerge, it has a 
number of tanks which can he lilled either 
w’ith whaler or with air. When tlu'se are full 
of air, it rides the waves, and when the water 
is lei in, it sinks beneath them. If it wants 
to rise again, it forces the water out of the 
tank.s w’ith compres.sed air or elec tric- pumps. 

Now' that is not so simple as it sounds. If 


>ou lust add weight to something floating 
on the wMtcT, it may sink in any sort of 
ciuc'c‘1 position, or may roll over and o\er as 
it goes down. Hut the submarine must kcc*p 
light side uj> as it submerges. It directs its 
nose downw.ird when it dives, and its posi- 
tion is controlled In various carefully placed 
tanks, which fdl with water. Tn addition 
the ship has a number of “tins” called 
“Indroplanc^s” which work at clitTerent 
angle.s and kerp it straight under water. 

Vet if \ou make a thing heavy enough to 
sink, it will keej) right on sinking till it gels 
to the bottom of the ocean. That would 
never do for .i bciat. So the submarine must 
be made just lieaw enough to go to a given 
de]>th and sta} there U'//// the help of its 
engines to kcH‘p it there and direct its course. 
All of this it can do \erv quickly. Some 
submarines submerge at the rate of forty- 
ti\e feel in thirty seconds. 

The amount of water added to make the 
ship submerge cleiiends on the condition of 
the .ship. When she has just left her ha.se, 
she is \ery full of fuel and supplies, and so 
very heavy. When she has been out on a 
long cruise, she will be a great deal lighter. 
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The amounl of water needed to submerge 
her will vary accordingly. 

On the surface she is managed about like 
any other ship. Underneath she is operated 
from within. There is an instrument to show 
how level she is, and another to tell how deep 
she is. Above all, on every submarine there 
are two periscopes, through which her ollicers 
look out at the world abo\ e. 'I'he periscope 
(p€r'I-skop) is simply a long steel tube, with 
the top sticking out above the water. It is 
tilted with lenses that will show the men down 
below what is going on above. It may be 
some thirty feet or more tall, which means 
that the men can see from that far down 
below. Above the water it is only about 
three inches thick, and is therefore very 
hard to see from any distance. It will show 
whether there is any hostile ship or air])lane 
about, and will allow the oflicer below to 
steer in the right direction. 

What Is a Snorkel? 

The older submarines are driven by elec- 
tricity under water and by steam or oil on 
the surface. And the electricity can be 

<idc only on the surface. But the inven- 
tion of an extensible double tube called a 
snorkel makes it possible to use Diesel en- 
gines when the craft is cruising at periscope 
depth. This gives much greater power and 
makes it possible to stay under indefinitely. 
A valve keeps water out of the snorkel. 
Kvery square inch aboard is used for ma^ 
chinerx’ and supplies, but submariners sa\ 
there is room for ever>^thing except a mistake. 

Finally, since the submarine is a war ves- 
sel, she must be equipj)cd to fight. But she 
docs not brave a cruiser on the surface. Her 
chief weapon is the torpedo, fired by com- 
pressed air through the w'alcr and using the 
|>eriscopc to take aim. One of these tor- 
pedoes can sink the proudest ship. 

In addition, a .submarine is sometimes used 
in war for laying mines, transporting .sol 
diers, oil, amphibious landing craft, and 
supplies- as at Bataan. It can serve as a 
radar picket to give w^arning and to control 
defense craft. It can fight other submarines 
and can launch guided missiles. It can even 
hurl atomic bombs at coastal cities. It 
can cross oceans without .surfacing and 


stay out for over a year. But its chief pur- 
j)ose will still be the sinking of surface 
ships. An<l since it no longer needs to come 
to the surface for air, it is now very hard 
to detect. 

A Deadly Weapon 

In World War I the Clerman submarines 
did terrible damage to the shipping of the 
Allies, 'rhey sank more than five thousand 
.ships over eleven millions tons and threat- 
cnetl Kngland w'ith starvation. In World 
War II they were an even greater threat 
until the invention of radar (ra'diir), whicli 
reported their position when they were sur- 
faced. This made it possible for [)lanes to 
destroy them with depth bombs. 

When .Simon Lake w’as trying to invent 
.submarines he thought they might be used 
for dredging the ocean lloor, for navigating 
ice-bound harbors, and for recovering sunken 
treasure. But far lhe\ lia\ e been of hardly 
any peaceful use. 



Ofin ml DrpitrtiiiPiit iif l)ofrii«e l'hoi<i 


This close-up of a German snorkel on a Nazi U-boat 
was taken during World War II. The snorkel was de- 
veloped ty the Dutch and used by the Germans, but 
there have been many improvements since. 
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THE WINGS OF THE WORLD 

Note: For basic injormation For statistical and current jaitSy 

not found on this poffr, consult consult the Richards Year Book 
the general Index ^ Vol. /j. Index. 

Interesting Facts Explained 

When Wilbur nncl Orville Wright out of her shed, 10-314 
made an old, old dream come Why airplanes can fly, 10-315 

true, 10 313 How a parachute works, 10-320 

When l)all(K)ns lifted people up Men who have flown across the 

into the air, 10 314 ocean, 10-322, 324, 327 

Why IVofessor Piccard went over A voyage in the air, 10 326-28(1 

the Alps in a balK)on, 10 314 How an airplane works, 10- 

When the /ej^iielin was brought 328“H-^28-P 

Things to Think About 

W). ’ Miiiig^ did llie Wright How are balloons and /cppelins 
brothers have to learn to (io.'^ kejit in the air.' 

Wh\ will an airplane fall flat if W’hy was Lindbergh a hero of the 
its engine fails' air.' 

Picture Hunt 

Howiloesa parachute open.' 10- W^ho were the first men to cross 
^jo the Atlantic by air? lo ^22 

Wdiat import, vnl men woiked to How are the air lines able lo serve 
make I lie modern airjilane pi)s- hot meals to jiassengers during 
sible? 10 315-10, 310 aflight? 10-325 

Related Material 

How does the airplane help the How has aviation given new hope 
post oflae? 7 37S, 10 91-Q2 to nations? 5-516-17 

Which metal is used a great deal W’hich gases are used in airships? 

for airplane con.struction? 9- t- 375 * ?> 11 ^ 473 * 547 

422 How cloes the automobile engine 

What is a good way to make war work? 10 282-88 

on the boll weevil? 9-33 What attempts were made b) 

What helps airplanes to ride reach the North Pole by air? 

smoothly? 1-291 13-500-T 

Leisure^time Activities 

PROJECT NO. i: Make a PROJECT NO. 2: Pay a visit 
model airplane. to an airi'Mirt. 

Sufnmary Statement 

The airplane is the last word in birds and can travel almost any- 
travel and in tran.sportation, for where. It is changing our whole 
with it we can fly faster than the idea of geography. 
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WHAT THE MARKINGS 
MEAN 

This page will tell you what airplane 
markings mean. In the United 
States numbers are assigned by the 
Department of Commerce. 

Numbers wi^ no letter prefixed 
belong to registered but unlicensed 
or temporarily licensed planes. 
An X prefixed shows a plane to be 
an experimental model, not yet 
federally approved. It cannot 
charge a fare. 


E, H, or K following the numbeis 
are serial letters used only to 
shorten the length of the numbers. 
An R means that a plane is licensed 
only for certain purposes. Only the 
crew and the pilot may ride in it. 


C means that a plane has been li- 
censed to fly commercially in the 
United States, and may be hired. 
A plane licensed and operated sole** 
ly by the government or state is 
marked S. It may not charge a fare. 



NC indicates an aiiplane licensed 
for international flying, such as the 
carrying of mail. 

A plane marked NR may fly outside 
the United States, but is restricted 
— in its Use. 




NS means that a plane is licensed 
and operated solely by the govern- 
ment or state but may fly inter- 
nationally. 

An experimental model that mav fly 
internationally though it has not 
been federally approved is marked 
NX. 



^ In peace time 
United States 
Army planes 
had red, white, 
and blue stripes 
on the rudder, 
and a star with- 
in a circle. 





In peace time 
United States 
Navy planes 
bore red, white, 
and blue bars 
on the rudder, 
and a star with- 
in a circle. 


Photos by a O. Co. of Ohio 
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This Pullman of the skies will carry you over land and tioned and pressurized for comfortable flight at ao.ooo 
sea as easily as the magic carpet did in the famous feet. Any two of the four giant en^nes can carry 
Arabian tale. And it will give you a great many more the plane with safety to its destination, and a hy- 
comforts! Trftvci- ^ in the smooth, clear air of the draulic-booster control system gives the pilot as deli- 
substratosphere at 300 miles an hour, you will be free cate control of his craft as a woman has at a sewing 
of shocks and jars. The luxurious cabin is air-condi- machine. 

The WINGS of the WORLD 

For Many a Century We Dreamed of Flying Like a Bird, but Only 
a Few Years Ago We Found Out How to Do It; and 
Now We Can Fly All around the World 


T WAS 0)1(1 and windy 011 Kill I)e\il 
Hill. Somi* of the little knot of men 
gathered there on a December morn- 
ing in 190^^ must have felt foolish for coming 
out. One of them, however, may have 
thought it was worth his while to be there. 
I'hat was the village undertaker, who may 
have been pretty certain that there would be 
work for him before the morning was over. 
For on this day the two brothers who had 
been practicing on the sand dunes of Kitty 
Hawk, in North Carolina, were going to try 
to show^ that they could l1y. 

There they stood ])eside their curious ma- 
chine with two big i)lanes like a huge and 
awkward kite — Wilbur and Orville Wright, 
ready to ])rove their faith in their invention. 
Orville took his seat at the controls in the 
cockpit between the two planes. Wilbur 
* started the six-bladed propeller whirling in 


front The engine began to hum. Slowdy, 
while the watchers held their breath, the 
machine ]ncked uj^ its speed and rose into 
the air. Tt stayed uj) for twelve w’hole sec- 
onds! And that day it made three more 
flights, rising even to eight hundred feet and 
dying for fifty-nine seconds — all but a 
minute! 

On that day an old, old dream of man 
came true. Man could dy. Long ago he 
must have dreamed that he was dying, as 
he lay asleep in his cave, just as many of 
us dream it in our beds to-day. Later on, 
he made up the story of Hermes (hdr'mez), 
the messenger of the gods, who could speed 
through the air like a bird. And he had still 
other flying stories - of llellerophon (b5-lSr'- 
6-f6n), who mounted the winged horse 
Pegasus (pdg'a-siis) and slew a frightful 
monster; of Icarus (Ik'a-ri&s), who stuck 
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wings on his shoulders with wax and flew 
very well until he came too near the sun — 
when the wax melted and he fell headlong 
into the sea. 

These were only stories. But centuries 
ago a few men of genius were also wondering 
how they could really do what a bird does. 
Just before Columbus found America, the 
great Leonardo da Vinci (da ven'chc) drew 
the plans for a - 


wing-flapping ^ people wer 

machine in X city in bailee 

which he American arr 

thought a k ^ and And 

soar^m ^the air. ^ 
trouble was that no man 

work the wings. And for that | ^ 

reason the best minds in fhe ^ 

world were sure that man could k ▼ 9 

never fly — though here and ^ 

there a few of them kept won- Jf story b® true, Icams was the 
derin? airman to come down in a nose 

O* «l«v* Of mtirsn M«krriin7. nn the 


a 


sponges to put out the fire if it grew danger- 
ous. Soon the fire was given up, however, 
and the balloon was filled with hydrogen 
(hi'dro-jCn) gas, which is much lighter than 
the air. By 1785 two men had crossed the 
English Channel in a balloon. And soon 
after that balloons had become very com- 
mon. They have been so ever since— for 
fun, for war, and for scientific observations. 
During the siege of Paris in 1870, messages 
and people were carried out of the helpless 
city in balloons. And as late as 1Q35 two 
American army olliccrs, Captains Stevens 
and Anderson, rose in a balloon to a 
height of 13.7 miles — 
' the highest man had ever 

been to gain valuabh* 
scientific information. 

PUj^Hflr i\ balloon can go only 

£^\\here the wind will take 
J|m it At the very first 

few' attempts wxrc 


made at guiding it - 
even with things like 
oars to row it in the 
^ air Hut little 
could be done 
^ 1 to make it go 

where vve de- 
sired until we had 
very modern engines 
.\bout the time 
w'hcn the Wright 


derms. airmp to come down m a nose modern engines 

^ . dive. Of course Mercury, on the A ^ ,1 ,• 

They did find out a way, to right, never had any trouble in aerial ^ bo lit the t ime 

be sure, of rising in the air- , '' hen the Wright 

but only in a machine lighter the game. And all Bellerophon brothers were working at an 
than the air itself. About 1782 S’. pSlJi^sfake wy” th« airplane in their !)icycle 

two French brothers named good steed, would bring hia master shop at Dayton, Ohio, a 
Montgolfier (moN'gol'fya') be- dashing young Brazilian 


Montgolfier (moN'gol'fya') be- 
gan wondering what kept the clouds up 
in the air; and being paper manufacturers, 
they thought a paper bag might also rise 
in the air if it was filled with something 


named Santos-Dumont was delighting Paris 
wdth his flights in a cigar-shaped balloon 
with a propeller in front and a rudder in 
the rear. He had put a gasoline engine in 


like a cloud. They made a little fire un- 
der the bag, and the bag rose and soared. 
The brothers thought it was the smoke that 
did the work, and did not know it was the 
thin air in the bag — thin because it was 
heated. All the same, they kept on working 
until they had a sizable balloon, with a straw 
fire under it, that went up pretty high and 
traveled for a mile or so before it came down. 

Then it was not long before balloons were 
lifting people up into the air— ^t first with 


the balloon, and in IQ04 he won a prize of 
$20,000 for circling the Eiffel Tower in a 
stiff breeze and returning to his base. 

The First Airship 

In the same year Count Zeppelin of Ger- 
many brought his Zeppelin No. i out of her 
shed on Lake Constance. She was a huge 
affair— the parent of all other Zeppelins 
down to the one that crossed from Germany 
to America in less than five days and 
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Vs Lift from 
Vay um 


sailed around the world in 1930. For owing 
mainly to Count Zeppelin's efforts, we now 
have immense dirigibles (dir'i-jtb'l) — bal- 
loons that can be steered wherever we de- 
sire-capable of going anywhere. Such 
an airship was the great “Akron" of 
the United States Navy. 

Of course a Zeppelin 
is anything but a mere 
balloon. It has a vast 
and intricate 
metal frame- 
work. Around 
this is an outer skin, 
held rigid and by no 
means collai)siblc like 
the old-time balloon. 

Inside are rubber- 
coated bags tilled with 
light gas. This used 
alv\ a\ s to be hydrogen 
gas, which will e\- 
j)lode if b . ,t,hes 
lire — as it did in the 
ill fated British air- 
ship R-ioi, which 
blew up and brought 
death to all on board. 

Now we use helium 
(he'lT-um) gas when- 
ever possible, because 
it will not burn. The 
world's richest su|)ply 
is in .America. 

Now all these 
mighty machines are 
lighter than the air. 

They simply float. 

There is no trouble 
in making them rise, 
and w'c have con- 
quered all the troubles 
of keeping them 
steady, even in a 
storm, and making 
them go where we 


Here at the left is 
the little mosquito- 
like glider that Le- 
onardo da Vinci 
planned four hun- 
dred years ego. 

I 



Vs Lift from Pt>9ssure 
D irec t ion of Wind Flow 


The diagram above will show you why an airplane flies. 
The principle is very simple. The airplane wings are 
tilted upward a little, so that as the propeller drags the 
machine rapidly forward through the air, the wind hits 
the under side of the wings with such force as to push 
the plane up. It is just what would happen if you blew 
up at a sheet of tissue paper floating above your head. 
But science has learned how to help the wind lift the 
plane. It does this by curving the upper surface of the 
wing -as you see above. The air, upon hitting this 
curved surface, shoots straight up. The rapidly rising 
current tends to create a vacuum just above the wing - 
or, in simpler terms, as the current rises it sucks the 
wing up with it. This suction is really twice as powerful 
in raising a plane as the push of the current of air on 
the under side of the wings. 



liy S. 0 Co of N Y. 

One reason why a fish can dart about with such ease is 
that he is so shaped as to offer the least possible resist- 
ance to the water. Nothing on him sticks out except 
the fins that row him along. The airplane has borrowed 
his plan of construction in this matter. Everything that 
could catch the wind, even to wires, is “stream-lined*’; 
that is, the parts are all so shaped that the wind will 
flow past them as easily as possible. 


want them. 

But an airjflane is heavier than the air. 
It has no gas to make it float. So now let 
us come back to the Wright brothers and 
find out what made their plane go up in the 
air and stay there. 

Did you ever throw a thin, flat stone 


straight out on a level line in front of you? 
What happened to it? Why, the stone did 
not go level at all. Instead, it rose right up 
into the air until it had nearly spent its force. 

Then it fell to the 
ground. Now the 
stone is a good deal 
heavier than air, and 
yet you have seen it 
mount the air so often ' 
that you probably 
have never even won- 
dered why it does so. 
But if you have ever 
found out why it rises 
and then falls, you 
know all the secret of 
the airplane. 

The air has a cer- 
tain weight, and 
therefore a certain re- 
sistance. If a thing is 
tearing through it 
very fast, there will 
be a great fleal of re- 
sistance —as you may 
have felt if you ever 
put your hand out of 
a car window. But 
the stone is going a 
good deal faster than 
a car, and meets a 
good deal more resist- 
ance; so if the stone is 
flat and tilted upward 
a little bit, the resist- 
ance of the air will 
make it climb. It will 
keep climbing as long 
as it is going fast 
enough. When it 
slows up, there will 
be less resistance, and 
it falls. That is all. 
And that is all that 
makes an airplane rise. It is a flat thing too. 
And it can be tilted up, or at least parts of it 
can. And then if it has an engine to send it 
through the air fast enough, it will rise and 
fly. It can keep flying as long as it goes fast 
enough. But if the engine fails and it slows 
up or stops, it will fall— like the flat stone. 
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1 Like so many other great inventions 
^ the airplane is the re- 
* suit of the work of many ^000^ 
I different 
1 men in 
many 0 ^ 
different ^ 
countries, 
each one con- 

tnbutmg his ’ 

own httle bit Some » ^ 
of the early machines ^ 

are shown on this page 


Men had to exuenment with bal- 
loons and gliders 
for a long time 


before it 
^ ^ was pob 
sibletotry 
driving 
them with 
an engine 
But in 1852 a 
Frenchman 
named Henri 
Giffard made a 
flight in an air- 
ship (A) propelled 
by a very lightsteam 
engine 


At B IS the ^ ^ ^ 
firstreallyam- >/ 
bitious model for an 
airplane. It was built 
in 1842 by W. S. Henson, 
an Englishman, and con- 
sisted of a glider with ^ 
broad wmgs and a car to contam 
the engme for tummg two screw- 
like p'-opel- ^ " 

lers 


Giflard’s airship 
(A) could travel 
at a rate of 6 71 
miles an hour 


J Stnngfellow, a 
helper of Henson, 
made the model 
Cm 1868 



String fellow’s model C had 
three tiers of wm^s and an 
enisine to turn 
the screws 


Lilienthalm Germany built thisbat- 
like glider D in 1895 He proved 
that arched wings were better than 
flat ones 





Lilienthal was the 
first man to make glidmg ma- 
chines practicable He made 
over 2,000 glides m his lifetime 

At G IS Sam- 
uel Langley’^ 
ill fated ma- 

chine which ' r * 

was twice ^ 
wrecked in 
the launching ^ 
m 1903 One ♦ /\ 

he built m ' J 

1896 flew half a mile 1 A 
but it was not intended U 

to carry passengers ^ 


7 ;^^^ Chanute made 

the gilder £ in 
1896 He bal 
anced it, not by sway- 
ing hia body, but by reg- 
ulating the wings 




At F IS another glider, made in 
America by Gallaudet m 1898 

At H IS Glenn Curtiss’s hydroplane, 
f the “Junebug,” as it was piloted 
up the Hudson by its inventor in 
X910 




Left 1 ) are the Wright brothers making 
their famous flight at Kitty Hawk m 
1903, the first time a man had ever 
risen from the ground in 
K a machine that was heavier 
than air. 
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Now let us go back to the stone a moment, 
or better, let us take a piece of tin or card- 
board. When we throw this through the air 
it docs far more than rise — it often flops 
around and turns over and over. And of 
course that would not do for an airplane. 
The airplane must not only rise when we 

like, but it must 

then stay level and ^ 
steady, turning \ 
only when we like, 
and going where 
we want it. So it 
must have things 
like fins and rud- 
ders to kce[3 it 
straight upon its 
path. 

Those were the 
things the Wright 
bmthers had to 

had to find an < ngine that 
would drive a plain* fast 
enough, and all suits of eon- ^ 
trivances to keep it steady 
enough. It is easy to .say this, 
though it was hard enough to do it. 

Anvbody who has ever 

^ " I . *11 1 J|\ Nulioinl Miixtiiiu 

ilow’n a kite will know’ a i • • 

little about how hard it is ture'%f^ Professor 

to keep a thing stead\ in Samuel Picrpont 
, . * ” , . r Langley, the distin- 

the air- to say nothing of guished American 

'I Hut rwirp thr scientist who came 

a Sloim. liUl once im so near being the first 

Wrights had found a way to build a machine in 

to do all these things, they fly^^'^xhe^wo other 

could II V. photographs are of C 


Tir • uuuucia ui uic uiot oj 

Of course the Wrights 
learned a good deal from the men who had 
tried the same sort of thing before. They 
knew about the (icrman lalientbal, who had 
made many flights in gliders - planes w’ithout 
an engine- -before he was finally killed in one 
in 1896. They knew about the glider flights 
of the American, Octave Chanute (sha-nwt'), 
who was just giving up in despair. 

And they knew about the deeds of Samuel 
Pierpont Langley, the noted scientist of 
Washington. Langley had actually put an 
engine into his airi^lane. It was a fifteen- 
foot plane, and the engine, though very light, 
can with steam. In 1896 it flew over the 


stone a moment, Potomac for a minute and a half — or as long 
:e of tin or card- as its fuel and w'atcr lasted. Seven years 
s through the air later Langley had a [flane made to carry a 
c — it often flops man; but at its trial something went wrong 
d over. And of with the launching gear, and it plunged 
for an airplane, straight into the Potomac. ‘‘My lifers w’ork 
ly rise w^hen we is a failure,” said Langley, who was now an 

f old man, and had spent all the money that 
the government had allowed him. Just nine 
■ « days later came the triumph of the Wrights. 

y The First Airplane to Fly 

The WVighls had begun with gliders and 
worked uj) to planes with engines. For the 
gliders they had to be sure of steady 
winds, and they asked the Weather 
Bureau where to find them. The 
I Bureau sent them to Kitty 

Mlll^ Hawk, in North Carolina. By 

this time the gasoline engine 
for automobiles had been de> 
veloped, but it w^as still too 
heavy for the air- 
plane. So the 
Wright brothers 
had to make their 
^ own engine. Their 
1 whole machine, 
with a man in it, 
w eighed only eight 
hundred pounds. 
'I Now if you will 
look at the pic- 
tures, you will see 

I most of the things 

wnicn a man couia thnl invpnlt*d 

fly. The two other tnai wc re iiutniui 

photographs are of Orville and Wilbur Wright, the to make the air- 
builders of the first airplane and the first men to fly it. 

he men who had keep it steady. There is the powerful engine 
ng before. They to (io the driving; it turns the propeller w’hich 
lientbal, who had whirls through the air at a di/./y s])eed and 
s - planes w’ithout pulls the plane after it, just as a pro|3eller in 
nally killed in one the water pushes a boat in front of it. There 
L the glider flights are the great wings— single in a monoplane, 
anute (sha-nwtOj ciouble in a bi]3lane — which make it rise and 
despair. sail when it is driven fast against the air. 

e deeds of Samuel I'here is the tail plane, to keep the whole 
oted scientist of machine going steadily; with a rudder to 
1 actually put an steer it in the right direction and an elevator 
It was a fifteen- to tilt it up or down according as wc w’ant 
though very light, to rise or descend. 'Fhere are the ailerons 
it flew over the (a'16-r6n), or “little wings,” which can also 







Photo by Soih«linan Syll(llOl»t^ 


"•‘hit remarkable photograph shows the disaster that 
overtook the giant zeppelin ••Hindenburg” at Lake- 
hurst, New Jersey, in 1937. Just as the dirigible was 
conung to her moorings after one of her regular passen- 
ger flights across the Atlantic, the stem burst into 
Mmes and with a terrific report the airship fell to 
the ground, a mass of fire. , She had 107 persons on 


board, of whom 36 were killed. It was thought that 
a form of electricity known as St. £lmo*s fire may have 
ignited the hydrogen gas with which the ship was 
inflated. The “Hindenburg” was biuyt in Germany, 
and had been in service for over a year. She was 
803 feet long and 146 feet high, had a cruising speed 
of 78 miles an hour, and carried 72 passengers. 


be tilted up or down to keep the whole thing 
steady. And there is the cock])it, in the 
front part of the fuselage (fu'zc-laj), where 
the pilot sits and controls all of these and 
other parts of the plane. Finally, there is 
the chassis (sha'se), with wheels for starting 
over the ground and for landing on it. 

Wings of the World War 

All of these things have been greatly <le- 
veloped and j^erfcctcd since the day when 
the Wrights first made them succeed. Almost 
from that very day, things began to go 
rapidly. The inventors gave a demonstra- 
tion for the government, which bought a 
model in 1908 — the first aiq)lanc that any 
government ever owned. They went to fly 
in Europe, where the French especially seized 
on their idea and began to improve it. By 
1909 Bleriot (blfi're'o') had flown across the 


English Channel, d'he next year (ilenn 
Curtiss, inventor of the hydroplane, Hew 
from New York to Albany in two hours and 
forty-six minutes. Every few days a new 
marvel came in aviation. 

Then came World War 1, with an im- 
mense development in flying. At once it 
was seen how important aircraft would be in 
flying over the enemy's country and getting 
all sorts of information, as well as in attack- 
ing towns and troops, and later submarines. 
Dozens of new types of aiqflanes W’cre per- 
fected and thousands of men were trained to 
fly and to fight in the air. People got used 
to the idea of flight, and after the war the 
building of planes and the establishment of 
air lines became a great industry. To-day 
we can travel almost anywhere by air. 

Just one hundred years after the little 
“Savannah" had set out to cross the ocean 
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Before a zeppelin could be built 
men had to learn how to make 
balloons. The first of these was a 
toy that Joseph Black, an English 
scientist, made in 1767 by filhng 
an envelope with the 
newly discovered 
hydrogen gas 


In 1783 a gas-filled balloon was sent up 
by Charles, a French scientist 
But when it came 
down the peas- 
ants took It for 
a dragon and 
tore it up 



The affair above, which 
looks like some strange 
monster that Noah refused to 
take into it Ark, is an obser- 
vation balloon belonging to the 
United States 
Navy 


Below 18 the 
famous bal- 
loon of the 
brothers 
Montgolfier, 
the ftrat that 
ever was sent 
up outdoors 
It was los feet 
in circumfer- 
ence, and was 
filled with hot 
air. It stayed up ten 
minutes and traveled 
a mile and a half 



Above is 
the com- 
monest type 
of balloon, a 
round gas- 
filled bag with a 
a basket sus- 
pended below 
it These were 
the affairs in 
which brave 
souls used to 
ascend for fifteen minutes at 
the county fairs The balloon 
was always anchored. 

) 
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A parachute ia folded up in a pack 
attached to the back, chest, or hips 
of the jumper. When he is 
ready for the ’chute to open, he 
pulls a cord which un- 
Wt * does the pack. In two 

seconds his 

should be 

Anav^r^^^ open, 

erage para- ^ 
chute is from 34 to ' 

38 feet across, is 

made of silk, and weighs \ 

x8 pounds. Its jerk upon N. 

opening, after a man has already N. 

f^en half a mile, is terrific. It is sure \ 

to leave 
him black 
and blue. 

And the 
cold of that ^ 
first free * 
fall is al- 
most par- 
alyzing. 






si 


by steam, the first aiq)lane 
was flying across the Atlantic. 

Lieutenant Commander A. C. 

Read, in the American Navy plane NC-4, 
flew from Newfoundland, by way of the 
Azores, to England. A month later the 
English officers, Alcock and Brown, made 
the first non-stop flight across the ocean. 
Ihey went from Newfoundland to Ireland, 
a distance of i960 miles, in sixteen hour^^ 
and twelve minutes. 

The Hero of the Air 

After that, one record was broken after 
another. There was a flight from London 
to Australia — 11,500 miles. There were 
flights all the way across America, and to 
Alaska, and from San Franci.sco to Honolulu. 
Richard Evelyn Byrd flew over the North 
Pole in an airplane, as Amundsen flew over 
it in a dirigible. In 1928 Wilkins made his 
remarkable flight of 2,100 miles through the 
Arctic wastes from Point Barrow in Alaska 
to Spitzbergen. There have been many 
other notable flights. 

Most famous of them all was that of 
Charles Augustus Lindbergh from New York 
to Paris, in 1927. He was the eleventh man 
to cross, but the first to reach the exact spot 
he set out for. And he went alone. “So 
long!’' he said, on the drizzly Friday morning 
when the weather man finally told him to go 
ahead. Then he shot off in his silvery 


PhottM by 
II h Army 
Air Corpb 


The series of pictures below will show you 
the action of this parachute, which is beinR 
drop-tested. At best a parachute jump is 
a dare-devil feat -there are so many 
things that can go wrong! Usually two 
parachutes are used; one, called the 
’’pilot,” is small and serves only to drag 
the big parachute out of its case, in this 
way reducing the length of time needed 
for the second one to open. But 
if the jump is a high one per- 
haps 8,000 feet the jumper 
must fall for some half 
mile before he opens 
his parachute. Arthur 
Starnes, 
jumping at 
31,400 feet, 
dropped 29,- 
000 feet be- 
fore opening 
his para- 
chute. 


r 


“Spirit of St. 

Louis,” head- 
ing for New- 
foundland. There he 
met such a bad sleet 
storm that for a while 
he thought he might 
have to turn back. 

But he rose above the storm, 
and kept on. “It was just 
like driving a motor car over 
a snuK)th road,” he said, 

“only it was easier.” ~ 1 

'Uhe next afternoon, as he 
was nearing land, he saw a fleet 
of fishing boats in the water. 

He came down very low and 1 
called out, “Is this the way to j 
Ireland?” But he could hear 
no answer. When he struck | 

Ireland he was just three miles 
out of bis path. “Twenty-five 
miles would have been naviga- 
tion,” he declared; “three miles 
was just luck.” 

But l*e was bound for Paris, and at ten 
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An airfield is ^ ^resting place when one of the great 

**skyliners*' is about to take off The shining plane 
taxis into place, the door is opened and the gangway 
let down, and the passengers go quietly on board 
There is almost no bustle, but the atmosphere is 

oVlock that night ho saw the glare of the 
lights at Iht gnnt uiation held just outside 
the tit\ Ihe\ showed a miss of a hundred 
thousand people w.iiting lor the hrsl time 
the >ouiig pilot was afraid How could he 
land without crashing into the erowd-' But 
he managed it, though the ixilice could not 
keeji the crowd back I hen he had i recep 
tion that he called the most dangerous 
thing on the trij) ’’ He found he was the 
most famous man in the world 

The World’s First Air Line 

It was during the ’ that the airplane be- 
gan to be at home in the skies Ihc world’s 
first passenger service had been established 
m 1918, betwi'cn Pans and London In the 
same year the United btates Post Ollice De- 
partment had set up the lust air line in this 
country when it began to send mail b} plane 
between New York and Washington l^ittle 
by little other mail routes followed In 192b 
the whole business of carrying air mail was 
turned over to private companies, which with 
the help they got m this wdy from the gov- 
ernment were able to go ahead weaving the 


charged with excitement nevertheless, for everyone 
seems to realize that this is something the world has 
never seen before When you have boarded your plane 
you will probably find that its inside plan is a good deal 
like the plan shown above 

giant netwolk of .uiwa\s which now reaches 
into ever\ corner of our land 

The Early Passenger Planes 

\t first thev used bombers left over from 
World War I Ihosc rough-and-rcadv war 
planes gave no comforts to passengers, and 
not a great deal of safety But people were 
eager to see what the bird secs, and slowl> 
the business of 11 } mg grew W hen the com 
panics at last could afford better equipment 
and when the airplane industrv hacl learned 
how to make planes that were both comfort 
able .incl safe, people began to floe k to the air 
helds tor all along it had been mostl} fear 
that hacl kept them on the ground 

In 19^0 It was possible to go by air troni 
Atlanta to Los Angeles on a regular schedule, 
though the trip hacl to be pieced out on van 
ous short lines In the following yedT an 
unintei rupted route v\as established between 
New York and Los Angeles, but the trip took 
four da}s, since night fl}ing was as }et un- 
known That had to wait for beacons to be 
set up along the way As v arious sections of 
the route were lighted, “Sk> sleepers” went 
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riioto h\ rmiiwiiitiuautnl and Wmtfirn Atrlinm 


This transcontinental “airliner** is flying on even keel, passengers would have no knowledge of the fact unless 

but even if it were tilted very much to one side the they looked out of the window. 


into scivkc, the first tii)i>earing in 19,^6 

With the establishment of tlie go\ern- 
nient’s Civil Aeronautics Authority 
aviation came into its own It laid dowm all 
the rules that go\ern civilian flying except 
the (lesigiirtliou of the mail routes. Strict 
legulations made air travel safe and protected 
companies and public alike No longer w'as a 
(ommercial air line financed by one of the 
various aiuraft manufacturing companies, 
and so obliged to use the planes of the com- 
pany that owned the st(K'k. An air line now' 
was like a railroad it wms in the business of 
transportation only, and bought the best 
equipment it could find. By 1Q40 passenger 
planes, costing $icx),ocx) apiece, had come to 
be as luxurious as a fine hotel The average 
flying speed had been increased from 120 to 
190 miles an hour, and everytliing imaginable 
had been done to make the traveler comfort- 
able. 

How Air Travel Was Made Safe 

But better yet, his fears had been put to 
rest. Every jxassengcr jilane was given at 
least two motors, so that if one engine stalled 
the other could still carry the plane to the 
nearest airfield, and emergency landing fields 
were laid out along all the air routes. Planes, 
too, were built with the utmost care. And an 
amazing system for guiding them in the air 
and bringing them safe to earth was doing 
away with crashes and landing accidents. 
To-day it is a good deal safer to take a com- 
mercial plane than it is to trav’^el to one’s 


destination by bus or by private automobile. 

With their fears laid to rest, i)eoj)le began 
to tra\ el fey air not only because they were in 
a hurry but because it was fun Each year 
betw'een 10 ^5 and 1939 air travel in this 
country increased by nearly a fifth Rut in 
19 ^9 It inc rcased by almost a half. And in the 
first six months of 1941 it had doubled the 
record of any year before 1939. By 1942 our 
commercial planes were flying 135,000,000 
miles a year, along 29,ocx5 miles of lighted 
airways, wdiere no plane was ev'er out of sight 
of one of the 2,200 rev’olvdng beacons set up 
to help guide air traffic through the dark. 
Planes o[)crating on regular schedule were 
carrying more than 4,000,000 passengers a 
year There was never an instant during the 
wiiole twenty-four hours of the day when 
there was not an average of 1,500 passengers 
and 18 tons of mail speeding through the 
clouds Three different lines were carrvdng 
I>eople across the continent, one of them oper- 
ating five flights in each direction ev’ery day 
It had come to seem ejuite natural that one 
should see the sun set in New York and watch 
it rise next morning in San Francisco. Alto- 
gether we had 44 domestic and 15 foreign air- 
mail routes, and our planes at home were 
carrying over 14,000,000 pounds of mail 
a year over 39,ocx> miles of route. 

The Clippers and Their Routes 

Moreov'er, the netw’ork of air lines had 
spread over all the oceans and to ever)' land 
on earth, though there was more air travel 
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in the United States than an)nvhere else. In 
IQ20 wc had set up a route between Key 
West and Havana. Later it was extended 
to all the countries of South America, bind- 
ing together the business interests of the two 
continents. In 1033 
the Germans had be- 
gun to fly ships from 
Africa to Brazil, stop- 
ping to refuel from a 
ship anchored in mid- 
Atlantic. Before long 
the giant “Clippers” 
were going across the 
Atlantic to England 
and across the Pacific 
to China and the Pliil- 
ij)pines. And even- 
tually there was no 
imj)ortant city in the 
world that could not 
be reached by air. 

'Fhc Pan Aiji‘ri‘an 
World Vir\\,i\s Sys- 
tem, «in \nu*riian 
comjianv maintain- 
ing lines to Central 
and South America, 

Europe, New Zealand, 
and the Orient, had, 

^\ilh its subsidiaries, 
over 30,000 miles of 
main routes. 

The j>assenger who 
sits in luxurious ease 
in one of our great 
“skyliners” and watches village and city, 
mountain and plain roll silently by below 
has no notion of the unresting care that is 
keeping him safe in the air. 1^'irst of all, there 
are the designers and builders. The best 
engineers in the world are at work on the 
giant airf)lanes that shuttle back and forth 
night and day, rain or shine. Wc have told 
elsewhere of all the amazing devices that 
make it possible for a plane to travel safely 
through the air and alight as gently as a oiece 
of thistledown. 

From 1Q36 on, the standard plane in use by 
all the air lines was the 12-ton Douglas— the 
l)C-3. It carried twenty-one daylight pas- 
sengers and a crew of three— the pilot, the 


first oflicer, and the stewardess. When built 
to serve as a “.skyslccjxir,” it had berths 
for fourteen j)assengers. Its pair of 1,100- 
horsepower engines gave it an average speed 
of 190 miles an hour. But that speed used 
only a little over half 
of the engines’ full 
capacity. In other 
words, t he mot ors were 
never overtaxed, and 
so, with proper in- 
spec l ion, never needed 
to break down. I'hose 
magnificent planes 
had a wing spread of 
95 feet, were 16 feet, 
II inches high, and 04 
feet, 6 inches long. 
Their cruising range 
was 1,700 miles. 

In 1Q40 the famous 
“ Stratoliners ” — Boe- 
ing ^07— went into 
regular transconti- 
nental service, and 
marked another stride 
toward safety. For 
their four 1,100-horse- 
power motors could 
carry the ^8-passenger 
plane at an altitude of 
20,000 feel, well above 
most of the bad 
weather that is a com- 
mon cause of disaster. 
Of course the Strato- 
liners did not actually reach the stratosphere 
(stra'tO-sfer), that laver of calm thin air that 
begins some si\ or seven miles above the 
eaith. But they did reach the substrato- 
sphere, and because the air is thin at that 
high altitude and offers much less resi.stance, 
they could cruise at 220 miles an hour and 
were very smooth in flight, since there were 
few strong currents of air to buffet them. 
Oxygen of course was added to the air inside 
the cabin. Stratoliners were built upon the 
same design as the Boeing bombers that we 
knew as Flying Fortre&ses in World War II. 

A Powerful Passenger Plane 

Just before the war began, the l)C-4 ap- 



I ai^trni Air 1 tuM 


All food except coffee is prepared before it goes on 
board an air liner, and as a rule comes from the kit- 
chens of large hotels, where the menus are planned by 
trained dietitians. Here a chef at one of the hnes* 
principal airports is superintending the loading of 
food into a plane that is about to depart. 
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pearecl, a new and larger Douglas. Hoeing 
Clippers were two-deck t riins-iKean Hying 
boats carrying 8i |)ersons. After the war 
LcKkheed brought out the b4-j)assenger Con- 
stellation, which at 20,000 feet flies over 
300 miles an hour. 

Its pressurized and 
air-conditioned cabin 
was insulated against 
noise and vibration. 

In i()47 the JX" 6 
appeared. It ha> a 
wing span of 1172 feet 
and is 100 feet, 7 inch- 
es long. Four 2,100 
horsepower engines 
give it a speed of 3 1 5 
miles an hour at 20,- 
000 feet. An ejector 
exhaust system uses 
exhaust gases from 
the engines to in- 
crease the forward 
thrust, as jets would. 

The plane carries 52 
daytime passengers 
an«l a crew of 5, but 
will take 70 passen- 
gers on short tri])s. 

All the time a plane 
is aloft, at least forty 
people on the ground are at work to keep it 
out of harm’s way. To begin with, there are 
the weather experts in the “flight control 
stations” that are scattered at important 
points along the airways. They get hourly 
reports — called “weather sequences” — by tel- 
etype, giving exact details of weather condi- 
tions all along the route, and they report any 
news they may get of a change of weather. 

Help from the Weather Bureau 

Besides in addition to this careful system 
operated by each air line, government weather 
reports from hundreds of stations are con- 
stantly sent out to the air lines and relayed to 
the flight control offices. Every six hours the 
air line experts get weather map information 
and records of conditions in the upper air, and 
on the basis of all this knowledge they draw 
up a ‘‘route forecast” for each flying area. 
From the route forecast, “trip forecasts” arc 


then made up, covering conditions at each 
stop, general flight conditions along the en- 
tire route, wind, and favorable flying levels. 

Whenever a plane is tt) make a trip the 
crew must arrive at the air]X)rt an hour ahead 
of time, 'riie captain 
and first oflicer ex- 
amine the [)lane thor- 
oughly and are given 
a “certificate of plane 
ins])eclion,“ signed by 
the airlield’s chief me- 
chanic. It fells them 
that the j>lane has 
bmi put in (ondilion 
by the airj)orl\s crew 
of highly trained tech- 
nicians, men who have 
been carefully exam- 
ined and luensed by 
the C‘i\ il .\eronautics 
Hoard. The two pilots 
also check the fuel 
.siip[)l\ and study the 
weather report and 
the “flight c learance.” 
'I'hat “flight c learance 
authoril\” a docu 
ment issued by the 
airport’s flight su- 
perintendent,” under 
whom the weather experts and the radio op- 
erators all work. No l)lane may leave the 
ground without this permit, w'hich contains 
all the important information as to the trip, 
the plane and its h)ad, and conditions along 
the line or to either side of it. Attached to 
the flight clearance are the reports of the gov- 
ernment Weather H\ireau and also tlie trip 
forecast. 

From all these facts the two officers and the 
station’s chief weather expert now make out 
an elaborate document known as the “flight 
plan.” It indicates tlie e.xact course the 
plane is to take, its altitude at every point 
along the route, the timing, and the plan of 
flight for each section, or “leg,’' of the trip. 
The altitude at which the plane is to fly will 
dej^end upon weather conditions, for in gen- 
eral it is the practice to leave clouds and 
storms below and mount up into the sun- 
shine or starlight. For the sake of safety ail 



I'hoio by Am«ri<*an Airlinw 


The stewardess heats whatever food must be heated 
and makes the coflfee. The meal is then served on 
trays to the various passengers at their seats. The 
stewardess above is about to deliver one of her trays. 
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A— Amelia iSarbart, 
the first woman to fly 
across the Atlantic, 
1928 In X932 she 
^1^ made a second 
flight alone 


I Harold 
J Catty (E) 

W and Wiley u 
^ Post (F) ’ 

circled the globe 
i in an airplane in 8 
i days, z6 hours 
(1931) Their 
1 route lay 
m from Long 
A Island to 
A England, 

1 thence to 
A Russia, 

H Siberia, 

\ A A 1 a s k a , 
land then 
home 





^ if ^ 1 




JoVn*!?- ^ 
cock (C) 

and Lieut Arthur 
Whitten Brown (B), the two Eng- 
lishmen who flew from Canada to 
Europe m the first non-stop flight 
across the Atlantic (1919), prob- 1 

ably the most notable ^ .]j| 

flight ever made 


D The Do X, 
famous Ger- 
man airplane, 
I the largest in 
|the world, 
flew from 
Germany to 




South Amen- 
ica m 1931 

I Amy Johnson, a famous Enghsh 
aviatnx, who flew from England to 
Australia (193X). 





G — Professor 
11 W Piccard(nght), 

•La 

climbed ten 
miles mto the air m a^^M^ 
balloon Here you see him ▼ 
and his assistant through the wm- I 
dow of the metal globe in which they A 
made the ascent 
H —A model of 9 
the great **sea- B 
drome," or land- | 
mg stage, which \ 
Mr £ R Arm- 
strong has de- i 
signed for anchor- 
age in the middle \ 
of the Atlantic It 
will carry a hotel 
^ and all conveni- I 
ences for Atlan- 
tic air travel j 
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This might slmost be the interior of a Pullman coach. gers their meals. She will take especial pains to see 
i'he stewardess on the air liner is serving the passen- that the baby's food is properly prepared. 

west and southbound planes fly at even thou- lights have been trained upon runway till 
sand-foot altitudes, and east and m^rthbound it is almost as light as day. Often a gotxl 
planes at odd thousand-foot altitudes. • .many planes are landing or taking off, and 
This flight plan must receive the approval the airfield is full of motion and excitement, 
of the flight sui^erintendent, who is given a Finally, with passengers, mail, baggage, 
copy of it. Information as to its contents is and supplies carefully slowed away, the gang- 
then sent by wire or radio to airports along way is drjiwn up, the plane’s great d(K)r is 
the way. No pilot may change his altitude in locked, and the pilot awaits the signal from 
the course of the flight without first com- the airfield’s traffic control tcjwcr, where ex- 
municating with the flight control office and f)crts superintend the coming and going of all 
getting permission. Jf conditions look un- the planes that land on the field. The signal 
favorable for safe flight the plane will not be at last is given, an olficer on the ground gives 
given its flight clearance. the pilot a smart salute, and the great engines 

With all plans carefully laid, the plane is begin to roar. The plane taxis along the mile- 
now brought out on the runway and loaded long runway to the edge of the field, turns, 
with baggage and supplies. Through a loud comes back into the wind, picking up speed 
sp)eaker the departure is announced, just as a on the way, and finally leaves the ground be- 
train departure would be announced in a large hind and is off into the sky. Its flight is so 
railway station. Each passenger’s baggage smooth that no one inside could tell at just 
has already been weighed, for the line will not what instant it took wing, 
carry more than 40 pounds per person with- As the earth falls away beneath them the 
out charge. The passengers too have been passengers watch all the familiar landmarks 
weighed, for the pilot must know the exact shrink to the size of toys and then to a faint 
size of his load. If it is night, giant search- blur. For we are flying high to-day. Strong 
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winds along the earth^s surface have made us 
go up more than two miles to a zone where 
the air is calmer. On our way up, the plane 
was rocktMl by the gale and occasionally shud- 
dered as if it had had a tremendous blow. But 
up aloft it wings its 
way along as steadily 
as an automobile on a 
concrete pavement. 

No one .seems to feel 
dizzy, for no one has <i 
sense of looking down 
from a great height. 

'rhat is because the 
eye st*es nothing to 
c onnert the plane with 
the ground and so 
serve as a measure of 
our altitude. For in 
stance, there is no 
stretdi of w.ill fnmi 
sky to earth, '»s there 
IS on toj) oi a high 
building 'The scenes 
passing below us look 
more or less like a 
m()\ ing|>i( ture,orpei- 
haps like 4i great nia[) 
that is rolled out un- 
der us. It no longer 
seems to be our earth. 

The stewardess a 
registered nurse who 
has charge of the comfort of the passengers - 
lum undoes the belt.s that are attached to the 
seats and were fastened around each pas- 
senger’s waist before we took off. W heiiever 
we land or take off, those belts wdll be fas- 
tened again, for air currents near the earth 
are likely to be rough, and the air line wants 
to protect us from being thrown over In a 
sudden lurch in case wt should stand up at 
the wrong time. 

People now settle themselves for their 
journey much as they w’ould in a Pullman car. 
In fact if it were not for the absence of earth 


wrai)S and has hung them up out of the way. 

Science has learned to hush the noise of the 
motors as w'e hear it inside the plane, and to 
keep out all but one fifty- thousandth of the 
din that would otherwise be pounding into 
ou r cars. We can talk 
in perfect comfort. A 
pillow and blanket 
will be brought us if 
we want to tilt our 
se.its back and take a 
nap. The stew'ardess 
adjusts the thermo- 
stat if the weather is 
cold, and we breathe 
the ]>urc air of the 
heavens heated to just 
the proper tempera- 
ture. If WT want still 
cotjler air wt may 
open a little ventila- 
tor above our wdndow 
and liave the breeze 
directly in our faces. 
When WT land at an 
airfield an air-condi- 
tioning unit wdll see 
that the air is kept 
warm and pure in 
winter and cool in 
summer. 

;\nd now^ wt have 
time to ask ourselves 
cjiiestions about our marvelous bird and the 
men who fiy it. The stew^ardcss will tell us 
almost anything we w^ant to know, and from 
time to time one of the pilots will leave the 
cockpit and come back into the passengers* 
cabin. He wdll ahvays be glad to talk to us. 
It is not neccssar\' for both pilots to be in the 
coc'kpit at all times, for a mechanical “pilot,** 
known as the Sperry Automatic-Gyro, can 
pilot the plane as smoothly as the captain 
can, as long as there are no decisions to be 
made. 

Moreover from time to time the captain 



rixitf Its \iiiorii Kii \ir)imxi 


The berths on an air liner are not very different from 
those in a Pullman car, as you may see from this 
photograph of a lower berth on one of our transconti- 
nental lines. On an average the first passenger planes 
had fourteen berths all told. 


as one looks straight out from the windows it will send us bulletins giving all sorts of details 
would be easy enough to think that this was a as to our flight- the ])lane’s altitude, its 
railway train. The roomy seats are ranged in speed, the outside temi.ierature, and the 
much the same way on either side of a long weather at our destination. Meanwhile we 
aisle, with racks for hats and packages over- have been figuring out all we can from the 
head. The stewardess has taken our outside route map which the line provides -guessing 
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at our position from the cities and mountains 
and rivers and lakes that the map identifies. 
If we are a good deal interested, the stew- 
ardess will show us the avigation (iv'T-ga'- 
sluln) — or air travel — charts that the captain 
uses. 

As night falls we begin to ask ourselves how 
our pilots are going to find their way in the 
dark. But we do not have to wonder long. 
Beacon lights soon begin to twinkle along the 
route. As fast as we leave one behind we 
pick another up. And of course the stars are 
overhead to help to navigate the plane just as 
they help to guide a ship at sea. 

Highways of Sound 

But the pilot has a much simpler way to 
keep his ship on I he track. Each aiqiort we 
pass is sending out “highways of sound*’ by 
radio. The shi]>’s radio i)icks up these sig- 
nals, and the pilot can gel them without even 
turning a dial. Over his cars is fa.stened a pair 
of ear phones connected with the j)lane’s re- 
ceiving set. As long as the jdane is on its 
course he hears only a steady buzz. But let 
the wind swerve us a little to the right, and he 
at once hears “dah dee, dah dee,^* which in 
the Morse code is “dash dot, dash dot,” the 
.signal for “N.” If the plane .swerves to the 
left he hear.s “dee dah, dee dah,” wdiich is 
“dot dash, dot dash,” the signal for “A.” 
Those two signals are sent out, alternately 
timed, along radio “beams,” or aimed broad- 
casts, that are directed like so many great 
arms from each airport. The broadcasting 
station is at the center of them all, and the 
beams are so arranged that the A Ijeams form 
a straight line running in opposite directions 
from the l)roadcasting station anrl the N 
beams another straight line some distance 
from the first. This means that an A beam is 
always between two X beams and an N beam 
between two A beams. As the beams-- 
which of course are not beams of light -- 
leave the broadcasting station, they are only 
a few feet wide, but loo miles away they fan 
out to a width of from 7 to 10 miles. How- 
ever, the line along which two beams meet 
will always be a narrow one, and it is along 
this line that the pilot hears only a buzz — 
which in reality is the repetition of “dah,” 
the dash signal, over and over. If he will but 


keep that steady reassuring buzz in his ears 
he will come to the airport just as surely as 
if he were driving an automobile along a road 
hemmed in by two high walls. 

The Radio Direction Finder 

Ever\' forty seconds or thereabout tlie 
radio beam signal is broken while weather 
information is broadcast. At the same time 
the number of the ground station called a 
“range station” which is l)roadcasting the 
beacon is given, though if the pilot is in doubt 
as to his fMjsition he may find it out at any 
time by his radio direction finder. By means 
of this device he takes directional readings 
on signals from two or more different ground 
stations and then works out his position 
mathematically by means of those two sla- 
tion.s. He can even check liis findings by 
asking one of the ground stations to compute 
his [)osition and report it t(» him a check 
that takes only a few seconds. 

From time to time as he tra\els along his 
radio beam, the pilot passers ov(*r a second 
range station or crosses a b(\'im coming from 
a .station off to one side. Suc h a point, known 
as a “fix,” will give him a third check and 
will tell him exactly where he is. 

Why a Plane Can Never Gel Lost 

. /\11 this means that the plane is well pro- 
vided with radio installations. It has five, 
all told. Bedsides ec^uijunent for the direc- 
tional beam Hying that we have just de- 
scribed, there is a radio direction finder, a 
reserve beacon receiver to be used in case of 
accident to the first one, and installations 
for twow^ay plane-and-ground communica- 
tion. For the pilot is in constant touch with 
the ground, and the ])osition of our plane 
and of every plane along llu* route is known 
to all the stations on the ground at all times. 
At stated ixdnts, called “check points,” the 
pil(»t reports his j)osilion, the weather, tem- 
perature, time, and the length of time it will 
probably take him to arrive at the next check 
point. And both he and the flight control 
office keep a log of the progress of the plane 
for comparison with the flight plan. 

By now the pure air and the thrill of ad- 
venture has given us an appetite, and we wel- ^ 
come the appetizing odors that come from 
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This pleasant little family is certain of being met at the sengeis may telegraph their fnends news of their 
airport on landing For though a plane may be long whereabouts at all times and of the probable time of 
delayed, or even grounded, by bad vkeather, the pas- arrival aU at the line’s expense 

Ihc pi MU s kit( lull where the ste\\anless IS comfortable fieling that comes from too 
prepinng tlu meal Ih it slu will serve to each quick a change of altitude We hardlv hear 
person on i triv ! vcejit for the loffee, it the motors now, and arc a bit dismaved when 
w is ill looked bctorc wi lift the ground, but wesuddenK plunge into a hcav v cloud How 
it his been ki|)1 hot ind is now seived to the will the pilot see the field through all this 
pisscngcrs without extra chirge, for meals fog-^ 

arc iiuludid in the |)rKc of the ticket \ ou In the pilot’s ears the familiar on course 
m i\ even isk toi something to cat if }ou signal is coming louder and louder now Ihen 
led hungr\ between meals it suddenlv stops We hue entered the 

li we Icel in a mood to lead when elinner ‘cone of silence” which is jiut above the 
is ovti, tlu stewardess will bring us news range station that has been sending out the 
papeis and maga/nu's, or she can suppl> us directional beam he was following I he pilot 
with cards or other games II we want to now must wait to get a signal from the air- 
w rite Ictteis she will give us writing materials jKirt dispatcher before he mav land If 
Rut we must be careful if we use our foun other planes are landing at about the same 
tain pens tor at our present altitude the ink time, he will be assigned an altitude at 
flows much more free!} than it does on the which he will continue to circle until he 
ground W hen bedtime comes the steward- gets word to come in But we do not hav e to 
ess will make up our berths and we ma> go wail to night The signal comes at once 
to bed w henev er we like through the ear phones and the pilot pre 

Almost certainly that will not be before pares to descend Alread> the stewardess 
we make our first stop, for we shall want to has seen to it that wc all hav e fastened our 
see what happens when the plane lands landing belts The first officer lets dowm the 
Although we are still sixty or seventy miles landing gear, which all this while has been 
away, the plane has already begun to de- drawn up inside the plane The wing flaps 
* scend, in this way sparing our ears the un- are dropped, and the plane slows up at once. 
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And now the pilot’s eyes arc fixed on a 
little dial that he has not even glanced at up 
to this moment. Jt will tell him whether he 
is on the “landing beam,” which is being 
sent out from the airfield’s “localizer,” a 
radio device that is able to send out a strange 
“beam” that travels 
along the ground a 
little way and then 
bends u])ward at 
about the angle a 
plane would take in 
making a landing. 

That is the beam our 
pilot is following now. 

As long as he keeps 
the little dial’s two 
pointers at zero he 
may know that he is 
safely following the 
landing beam. It is 
almost as if he were 
sliding down it towanl 
the ground. The fi)g 
is dense, but there is 
not the slightest dan- 
gei 

V light suddenly 
shines on the instru- 
ment board, set aglow 
by a vertical radio beam, or “cone,” to give 
warning that we are nearing the field. An- 
other light soon tells the pilot that he is I'ow 
only forty feet above the ground. With 
scarcely a jar we settle down upon it. We 
have made a successful “blind,” or instru- 
ment, landing. 

How Planes Are Kept in Repair 

The instant we stop, mechanics rush out 
to check the plane an<l take care of its needs. 
At the end of our trip it will have a thorough 
overhauling, during which over 1,500 items 
will be checked. Nothing in it ever has a 
chance to wear out, for the instant a part 
shows wear it is replaced — and that in spite 
of the fact that parts are very expensive. 
Two carburetors on a plane like ours will 
cost $650. After every three hundred hours 
of flight the plane will go to the shop for a 
thorough testing. Propellers, wings, tail 
assembly, engines, undercarriage, and in- 


struments are all removed. Even the hull 
is torn apart. lAcrything is examined as 
carefully as possible. Each engine j)art is 
washed in gasoline, and if it shows nr) flaw 
under the microscope it is tested in the mag- 
nallux. This is an amazing dc\'icc for mag- 
netizing the inspected 
part, which lias first 
been dusted with me- 
tallic dust, 'fhe pnx*- 
ess shows up flaws as 
a nii(Tosco[)e cannot. 

Of (ourse the pilots 
lire the most skillful 
men in their jirofes- 
sion, and the most 
tare fully jiicked. 
Nearly all of them 
have been trained in 
the Army, Navy, or 
Marine Corps. All 
of them have had at 
least twf) \ ears in < ol- 
l(‘ge, and many are 
('oli(‘ge gr.iduat (‘s. 
The captains have 
|)rob,d)ly had well 
ov'er S,ooo hours of 
flying experieiK'e, and 
the first oTTn ers over 
.^,000 hours. The Civil Aeronaut ii s Adminis- 
tration, which is under the I )(‘p.irlment of 
Commerce and acts through the Civil Aero- 
nautics Hoard, has given them a rigid exam- 
ination. It will not allow them to fly more 
than eighty-five hours a month, and requires 
that they be paid according to a .scale which 
gives the captain an income of about sS«S,5oo a 
year. Of course among the first reejuisitexs for 
an air line jiilot are sound health, steadiness, 
dependability, and sterling character. Every 
sixty days he is given flight tests and must 
j)ass a strict jihysical examination. 

Any civilian who wishes to fly a plane must 
have a license from the Private Hying Divi- 
sion of the Civil Aeronautics Hoard, which 
has set up nine ratings for competence in 
pilots. The lowest of these is for student 
pilots, who must be at least sixteen years old 
and if they are under twenty-one must have 
the consent of parents or guardians before 
the license is granted. They must be Ameri- 



Imogine this glob« 

as repieseHtinii the 
size of the earth 
just a few years a^o. because of 

the plane, the eatth 
has shntnk to a ftat- 
ttonof its fnrmet size. 


olifiiit* I Vin I tit 


Which of the above is YOUR world? Do you still 
think of Paris and London, of Calcutta and Shanghai 
as being a long way off? Or have you learned to 
realize that in our modern world the Fiji Islanders 
are our neighbors? 
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This IS the brave new world the airplane has brought North Pole looking down the slope of the earth as u 

us You must imagine yourself as standing on the falls away on all sides toward the Equator. 



I'hoi'M l<> llio Hf iilor* Diffmt 


This IS the kind of map we are used to. Ships going planes follow line A. It is the shortest route, as the 

from Seattle to Calcutta travel along hne B. But air* map at the top of the page will prove. 
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can citizens, of sound health and good moral 
character, and must have had at least eight 
hours of flight with an instructor. They 
must also pass a simple examination. 

Next comes the license for solo pilots, and 
above that the license for private pilots— 
one that is much harder to get. The can- 
didate for it must not only meet all the re- 
quirements for the first two licenses, but must 
also pass a hard written examination on a 
number of subjects, such as weather fore- 
casting, aerial navigation, and the use of 
instruments. lie must have made at least 
thirty-live hours of solo flight, and must have 
had e.xperience in cross-countrx’ solo flying. 
And of course he must })ass a rigid flight test 
at the controls in various sorts of maneuvers. 
If the candidate has graduated from one of 
the various accredited aviation scIkkiIs, his 
certificate will of course show that certain 
of the above requirements have been met. 
But the actual flight tests will never be 
omitted. The ninth license, and the most 
difficult of all to get, is the one our air line 
pilots hold. 

Planes of the Future 

So one knows exactly what the future has 
in store for aviation. We only know' that the 
war, though it has been an interruption, has 
also given flying a tremendous impetus. The 
design of planes has improved lieyond our 
wildest dreams. Already our great bombers 
are navigating the stratosphere, and some of 
our military planer have a spt-ed of Ooo 
miles an hour. We are told that before 
long W’e shall be able to take a plane in Los 
Angeles in the forenoon and go to bed the 
same night in London. Even as this is 
written planes are being built big enough to 
hold an eight-room house, with a wing load 
that has been greatly increased. And wc are 
promised a little autogiro that will be as 
cheap as an automobile and as easy to oj)erate 
safely. Even before the war it was possible to 
buy a private plane for as little as $1830 — 
though of course luxurious private craft 
might cost as much as S6o,ooo or $80,000. 

The New Airways 

The airways of the future already exist in 
outline. We have the vast system that 


unites coast to coast and the CJulf with 
Canada. Supporting it are shorter lines 
linking city to city in each region. For in- 
stance, planes fly hourly between New York 
and Washington. But more than that, when 
the w'ar began there already were one or two 
outlying “feeder” lines in operation little 
“neighborhood routes” along w'hich planes 
w'ent from village to village, swooping low to 
drop mail siicks and ex|)ress packages 
wrapi)ed in shock-proof cartons. Moreover, 
an ingenious arrangement of hooks and 
springs made it possible for them to pick up 
mail and packages as they went bustling by. 
Some day and tl\e time is n«)t far off 
passengers will lake tho.se sturdy little planes 
to go from village to village or |)erhaps from 
v'illage to ('ity. 1'wo large air express com- 
panies w'ere in operation when tin* war 
began, sending merchandise over air lines 
that already existed. .At the war’s end they 
had ready to hand giant transports of the 
sort needed to carry' e\j)n‘ss and freight. 

And all this is not taking into ad ounl the 
graceful little glidtTs that can he hitclied 
together into a train and towt'd through the 
.sky by a single airpl.ine at slight e\p(‘nse 

Our World in the Air Age 

What the shape (»f life will he in the coming 
^Air Age no one can quite say, but iu hardly 
two decades the airplane lias changed things 
for us unbelievably. It has ad<led s|)cc*d and 
convenience to our lives, and has annihilated 
space. It has brought the world togetlier 
into a little compass, and has coni) idled us to 
realize that all men are our neighbors, 
whether wx‘ want them to he or not. The 
peasant in Europe is now in all practical ways 
closer to us than a man in the next stale was 
twenty- five years ago. His diseases can be 
brought to us. His husinc.ss can be shared 
by us. His ideas and discoveries bec'ome 
ours. 

The airplane’s services to humanity are 
manifold. Thousands of acres of precious 
forest have been saved by “spotters” in 
planes, who cruise about over great forested 
tracts looking for fires. When they see one 
they lead fire fighters to the spot and help 
direct the fight. Sometimes they cariy the 
fighters m, and take them food, medicine, ‘ 
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and fire-fighling equipment. I'hey even 
shower the flames with water. 

Planes have helped save thousands of 
square miles of precious topsoil by sowing 
grass and mustard seed in burned-over areas. 
They have fought plant diseases by scattering 
insect powder to kill pests that attack bean 
fields or cotton fields or orange groves. They 
have been of great use in flocxl control and in 
helping to rescue peo|)le who are marooned. 
They take doctors to ships at sea or to distant 
])laces in the wilds to mining camps in 
Alaska or lumber camps in Sil>eria. And 
they often bring the ill or injured back to the 
hospital. Of course it is true that the air- 
plane lias not only revolutioni/ed warfare 
but has added enormously to its horrors 
through the bombing of cities. Hut it is also 
true that it has saved the lives of thousands 
of woundeil, who have been carried (piickly 
from the battlefield to the comfort and skill- 
ful treatment to be found in big ba.se hos- 
[)itals Aiei ii.ough planes have bombed 
many dt'fenseless shi])s at sea, they have also 
done magnilu('nt tliity in rescuing survivors. 

How Airplanes Serve Us during Peace 

In time of peace they rescue the ship- 
wrecked and hell) catch law'breakers. They 
aid in the work ol ice jiatrol along the Allantk 
'hip lanes, and are of great use to the 
\\e:iiher Hureau by recording conditions in 
the upper air. Many remote regions, such 
as parts of .Australia, Alaska, and Siberia, 
have been settled and wwked because iK'ojile 
knew a plane ctiuld bring in mail and go<xls 
and medicine. Kxplorcrs in planes have even 
been able to find new mines in Canada and 
Alaska, and have tiiken in machinery by 
j>lane. Other e.xplorers have in a few hours 
visited the poles and tropical jungles that 
were weeks away by ordinary travel. It has 
even been possible to carry on archaeological 
research by plane, for a man from the air can 
clearly see the outlines of ruins. 

Hut one of the greatest changes is still to 
come. That will be the change in our under- 
standing of the globe we live on. The whole 
map is in prcKCss of reconstruction. Orown 
people do not understand their new world 
very well as yet. But to young jicoide now 


in school it will soon seem altogether natural 
to think in terms of the Air Age. Most of us 
still measure distances as they were when 
traveled by train or automobile. But more 
than that, we still think of the habitable 
globe the globe as man has used it - -as a 
scries of continents stretched out east and 
west and centered about great ocean basins. 
For some forty centuries men have fought for 
positions of military importance on those 
continents or along the ocean lanes. Moun- 
tain passes, river valleys, straits, and ports - 
those were the points that made it possiVde 
for a nation to command a given region. 

A New Map for a New World 

.\ow w^e have seen that fortified harbors 
(an no longer keep an enemy out at sea, that 
the (ontrol of a mountain pass cannot keej) 
his planes from flying across the mountain, 
that to hold a narrow strait -or even a wide 
ocean may keep out warships but never 
(an stop the giant bombers th.it lay waste a 
city in a moment. In other w'ords, the map 
has been remade by this new^ invention. 
Political boundari(‘s do not mean so much as 
they once did, and the .snug (ontinents, 
settled so securely in the earth’s tw'o hemi- 
spheres, are now' open to hostile invaders. 

I'he new map of the world, if it ih to reflect 
the relationship of the various lands uixin it, 
will have to be a round affair w’ith the North 
Pole at its (enter. (Irouped about the Arctic 
Ocean as the ancient countries were 
groiiiHfd about the Mediterranean Sea-- wdll 
lie crow^ding masses of land, all in deadly 
nearness to one another. Most of them are 
entirely in the Norlhern Hemisphere. Only 
two reach tapering arms south of the Kqua- 
lor, where the earth is covered with great 
stretches of water dotted with islands 
scattered far apart. But in the Northern 
Hemisphere the North Cape in Nonvay, 
seized by the Ctcrmans in 1940, is equally 
near by air to Seattle, Dcs Moines, and 
Washington, D. C. Orand Forks and San 
Diego are the same distance from the nearest 
point in Japan. And if we were to take the 
shortest route by air from the Panama Canal 
to Hongkong, the first large city we should 
|)ass over would be Pittsburgh or Detroit. 
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Here is part of the assembly line for our Army's P-aS, 
or Lockheed Lightning, used for fighting, heavy bomb- 
ing, and long-range reconnaissance. With a speed of 
over 435 miles an hour, it can fight at treetop level or 


at 40,000 feet, has a bombing range of 1,700 miles, 
a bomb capacity greatei than our early Flying For- 
tresses had, and mounts rockets with a firepower equal 
to the broadside from a six-inch cruiser. 


GIANT BIRDS of GLASS and METAL 

This Will Tell How We Make the Great Airplanes That 
Weigh Many Tons and Yet Can Fly 


E WO thing's an aiq)lanc must have 
above all else if it is to live in the air. 
They are strength and lightness. The 
perfect plane will combine strength and 
lightness with high speed -that is, it will 
have an engine of great power and a design 
that will use that power to the very best ad- 
vantage. Both engine and design will c all for 
the greatest knowledge and ingenuity on the 
part of the plane’s builders— for the arrange- 
ment of an engine’s cylinders or the curve of a 
wing can add or subtract miles to a plane’s 
hourly speed or to its rate of climb. 

Naturally, with an industry growing as 
fabt as the airplane industry has grown, the 
engineers and designers will try everything 
that looks promising to improve their prod- 
uct. They have experimented with many dif- 
ferent materials to find the ones that arc light 
and strong. There arc planes with the frame 
made of wood and fabric, excellent materials 
for lightness. Many of the training planes 
used by our Army are built out of plastic- 
bonded plywood — thin layers of woixl fas- 
tened together with plastic and at the .same 


time molded, under heat and pressure, to 
their final form. This makes a subslaiue 
stronger than steel for its weighT But at 
present the great majority ol our planes are 
still made of metal, and those are the ones wv 
shall talk of here, as they roll from the as 
sembly lines in the great fac tories where mass 
prcxluition turns them out by the thousand 
All those planes (onsist of a metal frame 
over which is stretched a thin metal (overing, 
or “skin,” which gives the machine great 
strength and makes for speed as well. Older 
planes did not have this “skin” over all their 
surfaces. Much of the framew'ork, es[)ecially 
in the wings, was out in the ojien, as any 
photograph will show. All the braces and 
struts caught the wind as the plane drove 
through the air, and slowed the machine con- 
siderably, When the wings were covercTl 
with a metal *‘skin,” the plane at once took 
on speed and was a good deal stronger as 
well, for the rigid metal covering gives much 
more resistance to stress and strain. This 
newer lyue of design we call the “stresstnl- 
skin cons;ruction.” The metal most com- 
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monly used for rruxlern planes is a light alumi- 
num alloy, with stronger, heavier metals 
built into vital ])laces where the stress or 
strain is loo great for aluminum. The braces 
in the frame are usually metal tubes, which 
are lighter than solid rods would be. 

ICngineers have designed this all-metal 
plane In such a way that in the factory it can 
l)ebuilt inalarge num- 
ber of sections or units. 

Each department in 
an air])lane factory 
performs only one op- 
eration or at most a 
\ery few, all of them 
esj)eLially assigned to 
it. Workers sta\ in 
one small area and 
v\ork upon one sm.ill 
[)ait, or a very f(‘\\ 
j)ails And for that 
till) spec iall\ lhe\ 
h.ive been laierulK 
trained an<l ha\ e been 
gi\en tools as nearh 
pellet t as < an lie <le 
\ ised 

Those ‘‘tools” may 
l)e an\ thing from su- 
l)erst rut lures known 
as “)igs” \Khi(htor 
respond to the “cra- 
dle” in which a ship is built to huge Indio- 
piess(‘s, drop hammers, metal cutters, weld- 
ing machines, luind-drilK, ri\et guns, or 
common screw drivers and wrenches 

What Is a “Sub-assembly”? 

W’e shall not necessarily find these tmds 
and the men who are working upon thcmi - 
in the main plant. Often the various units 

or “sub-assemblies” will themselves 1 h* 
built in yet smaller sections at factories far 
from the main plant, and by smaller com- 
panies working as sub-contractors. There 
the little parts will be cut to proper size, 
formed by many and various methods to 
^heir pro[)er shapes, heat-treated so that 
those sha|:)es will be lasting, given chemical 
baths, and sprayed with a zinc chromate 
primer paint so that they will resist ntst and 
• action by the weather. 


Then they will be carted off to the sub-a.s- 
scmbly dej)artmcnts for which they have 
been ordered. Here they are seized by eager 
workers, j>laccd on “jigs” or other structures, 
and there attached to one another in such a 
way that when they have all Ijcen put to- 
gether, there comes out of the sub-assembly 
department a brand-new wing tip or center 
section, or perhaps a 
fuselage (fu'ze-laj) 
or bexly — a tail as- 
sembly, or an engine 
mount. 

Tliose sub-assem- 
blies are then carried 
by truck or cart to 
w'hat is the biggest 
room in an aircraft 
factory the final as- 
sembly. Here is the 
great hall where the 
airplanes are born 
It is imjiossible to 
StU where an aiiplane 
actually started - 
whether the nose came 
before the tail or the 
wing before the fuse- 
lage. They all were 
being built at the same 
time in different nnnns 
or departments or fac- 
tories b\ different |>eo[)le, most of whom had 
no sort of knowledge of one another. But 
here .11 e the finished parts, all together in final 
assembly. They do not all arrive at once, of 
course. As the fuselage moves dow n the long 
final assembly hangar, it is “mated” first 
with the center section, then with tl\e wings 
and tail, then wdth the various control sur- 
faces, instalments, engines, proi>ellcrs, and 
miscellaneous parts, each of vvhich arrives at 
the proper time on the line to achieve a 
smootli, continuous flow» of production. 

Inspectors pass up and down the lines, 
constantly insjxjcting every piece of work per- 
formed l)y every worker. Not a rivet -and 
there are some quarter of a million of them in 
certain Army planes — not a bolt, goes into a 
mexiern airplane until it is carefully insisted 
by a trained c.xpert. lie blue-j>encils any im- 
perfexT work, which then must be done again. 
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Putting a new airplane into production takes time. 
For not only must the plane be designed. The ma- 
chinery that IS to produce it must be designed and 
built also. This interesting device is a rotary merry- 
go-round hydropress m operation at one of our coun- 
try’s greatest airplane factones. 


3^8 I 


THE STORY OF AVIATION 



Plioto by 1 nrkhfwl Aircraft C < rp* ratioo 


One of the monster B-17 bombers is moving by over- fuselage will win its wings in the jig at the next station 
head rail down the assembly hne. This completed on the long assembly line 


For a Single weak part may result m a crash 
Often parts will ht examined undei the micro- 
bcope or perhaps the X ra\ to sec it there arc 

Up Nb 

Who Builds Our Airplane Engines? 

Engines are rarely made in the plant where 
the rest of the aiqjlane is assembled Huge 
engine companies build those giant power 
plants, which are then earned b> train or bus, 
or sometimes c\en iiy air, to the point of as- 
sembly with the airplane I he aircraft 
manufacturers either bu> the engines from 
the companies that make them, or the con- 
tractor who places the order for the planes 
buys the engines himself and has them car- 
ried to the place of asscmljly and mounted in 
the planes There are only a very few im- 
jMjrtant builders of airplane engines in the 
United States, though many automobile 
manufacturers are helping those mother 
companies turn out thousands of engines 
fast enough to keep pace with the output of 
frames. Naturally the best airplane engine 
is one that combines the most power with the 
lightest weight and the smallest consumption 
of fuel To-day even our largest engines 
weigh only a pound for each horsepower de- 
veloped. 


I he use of a special giMilinc known is 
high cKtane (ok'tin) gisolmc in iirplanc 
engiius has more than doubled the horse 
power ot the engine ])(.r c\lindcr Some of 
the finest airplane's would not be iblc to Ic i\c 
the ground if I hex had to use Uie gasoline 
th«it IS buried in automobiles A “self 
pealing” gasoline lank, with a lining made of a 
composition ol rubber and liber prexents 
le<ikageexen when llie lank is punctured b} a 
gexHl bi/cd bullet J he lining swells and 
stops the hole 

In IQ4^ our designers perfected the Lex k 
heed Shooting Star, or V So a lighting plane 
drixcn bx jet piopulsion F Isc where we 
haxe told what jet ])ri)|)ulsion is Planes 
drixcn b\ it will soon tlx at i,soo miles an 
hour at lexeK ten or more miles above the 
earth There the weather is alwaxs fan 
and the calm air is so thin that it ofleis no 
resistance I he higher the flight the belter 
the engine wnll work Later, when we have 
I)erfected the rocket plane - working on the 
same jirinciple — we shall fly at almost anv 
height— 100 or i so miles up Our speed will 
be practically unlimited say, 100,000 milc'- 
an houi A jet-propelled plane flies ver> 
smoothly, without noise or vibration, and 
the pilot feels httle strain. 
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The airplane engine is the highest type of 
internal-combustion engine yet produced. 
Usually it is radial in type and air-cooled — 
that is, the cylinders, instead of being “in 
line”- -or placed one behind the other- are 
arranged around a hub, like the spokes of a 
wheel, and so can all 
be cooled by a steady 
flow of air that is part 
of the current stream- 
ing over the fast-mov- 
ing plane. However, 
there are a few en- 
gines -notably the Al- 
lisons used in certain 
of our Army fighters 
— that are cooled by a 
liquid called prestonc 
and arc in-line en- 
gines. Sometimes 
these engines have 
cylinders arranged in 
an upright or an in- 
verted “V,” some- 
times in the shape of 
an“X.” 

1 'nlike the automo- 
bile engine, which 
rarely has to do the most of which it is capable, 
the airplane motor often is called upon for one 
hundred percent, and even more, of its rated 
ability. Engine parts which must stand up 
under such a strain often are made of rare and 
precious metals. Tlie ones commonly used 
for such parts are alloys of aluminum, steel, 
magnesium, and other metals, which are 
cast, forged, and heat-treated. Nickel steel, 
nickel iron, lead-silver, and lead-copper are 
much used. Molybdenum, (mo-llb'de-nflm), 
babbitt, aluminum bronze, stainless steel, 
and stellite are others. Parts are nitrided, 
chromed, and sometimes micro-finished to 
make them work perfectly. All the larger 
planes have more than one engine. 

On other pages we have described the 
simple principle upon which an airplane is 
made to mount into the air and push its way 
along through that gas, which seems light 
enough to us as we walk through it but which 
can offer tremendous resistance at the speed 
an airplane attains in flight. Of course a 
plane would be nothing but so much dead 


weight of metal were it not for the motor. 
But the motor, throbbing with power, must 
somehow be made to transfer its energy to 
the airplane. It must supjfly to the jflanc one 
of the four major forces that act on a plane in 
flight- the force that is known as “thrust.” 

An engine can do this 
by means of the “pro- 
peller,” the windmill- 
like affair usually set 
on the nose of the 
plane. The propeller 
is what ])ulls the plane 
through the air or 
l^ushes it if the propel- 
ler is at the rear. By 
attaching the [)roi)el 
ler to a rotating shaft 
that is kept turning 
by the engine, we can 
use the engine’s power 
to send the i)lane 
along. In other words, 
the rotating shaft 
hitches the engine* to 
the i)lane just as triiK 
as a harness hilchi's a 
horse U) a wagon. 
Through this rotating shaft the ^ngine sup- 
plies horsepower to the propeller, wdiich is a 
device for absorbing w hat is known as “brake 
horsepower” and converling it into “thrust 
horsepower.” Brake horsejxiwTr is the ac tual 
horsc[;ow'er delivered by the engine at the end 
of the crankshaft. 

How the Propeller Does Its Work 

The propeller, which puts all this horse- 
power to effective use, has two or more 
twisted arms called “blades.” Modern high- 
|>owcrcd aiqdancs usually have three. A 
propeller blade may be likened to an “air- 
foil,” the name we give to any iiirplane sur- 
face that is designed in such a way as to use 
the air for the purpose of keepii^ the plane 
under control. Ailerons (ri'le-r6n), wings, 
and rudder are all airfoils. The propeller is 
shaped so that it will serve the same purj^ose 
and get the same result — except that while 
the forc^ of the air against a wing is vertical 
and so lifts the plane, the force of the air 
against a propeller that is turning on its hub 
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Turning out war planes is a race for time. Here 
expert workmen are toiling at top speed to attach the 
motor in the great foui-engined bomber shown m the 
preceding photograph. 
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An airplane propeller is a beautiful thing. Its clean This photogMph gives us an excellent idea of the 

hnes and subtle curves remind one of a seaguirs wings. twist that makes a blade “bite” the air. 


Ill a high s[)cc(l is hori/onttil iirul so thrusts or 
])ro|)i*ls llie airplane Joncard, Tho force 
lifting ihe wings (ounleracts the* force of 
gravitv. which pulls a [iLine down; the pro- 
f)eller (ouiiteracts what we know as “drag.^’ 

The Forces Causing “Drag*’ 

Drag has an interesting cause. As a plane 
rushes through the air it meets with re- 
sistanc e from the air and tends to leave a hole 
l)c*liind it that is, it is going so fast that the 
currents of air flowing o\er it from lU'se to 
tail tin cannot How together fast enough be- 
hind the jdanc to ])revent the forming of a 
vacuum (vak'u-iim) a place where there is 
no air, or at least almost none. We have told 
elsewhere wdiat a powerful pull a vacuum 
exerts on whatever surrounds it. We set* the 
principle at work In a vacuum cleaner. 'Fhe 
vacuum at the end of a moving plane pulls on 
the plane and drags it hack. The pro|Kdler 
must overcome the dragging forces before it 
can send the plane ahead. 

Bt*causc the propeller travels forward as it 
revolves, in much the way that a screw bolt 
travels forward through a nut, a pro|Kdlcr is 
sumetimes called an ‘‘air screw.” Since the 
propeller blades are set at an angle- called 
the “propeller pitch” — they scoop air toward 
them as they spin. This carries them for- 
ward through the air. Thus, just as the 


turning of a bolt forces it farther forw'ard 
through the nut, so the turning of the “air 
screw'” forces it and the airplane w’ith it - 
through the air. 

On a “coritrollahle-si)eed propeller” the 
angle, or pitch, at wdiich the propeller blades 
are set can be adjusted so that they will 
“bite” the air more deeply or less deeply. 
I'his has the same elTect as increasing or de- 
creasing the number f>f turns in the thread of 
a screw’. For taking off, when a great deal of 
power is neces.sary in order to raise the pdane 
from the ground, the blades are set at a low 
])ilch and are turned at high sp>eed. But 
when the plane has straightened out in the 
air, the blades arc set at higher pitch and 
can then be revolved more slowHy w ithout re- 
ducing the sp)eed of the plane In other 
words, a single revolution at high pitch will 
carry the plane farther fonvard than a re\ olu- 
tion at low^ pitch will. Often this adjustment 
of the blades is made automatically. 

What Holds a Plane in the Air? 

The propeller blades as they whirl create a 
rapid flow' of air over and under the wdngs of 
the plane. That flow' of air strikes the under 
sides of the wings with a great deal of force. 
But at the same time, if the w'ings are p^rop- 
erly clesigncd, the current that strikes their 
front edge is turned up>ward, and because it 


328-^1 



THE STORY OF AVIATION 





This page shows the very simple principles upon 
which an airplane is operated in the air. In every 
sketch the band of small arrows indicates the direc- 
tion of the air current which keeps the plane up. 





Like a kite, an airplane is held up by a 
current of air striking 
the under side. 


The plane above is going to descend. So it 
lowers two little movable pieces called “ele- 
vators’* which run crosswise of the tail. They 
•re like a bird’s tail feathers. Now the power- 
ful air current flowing underneath the plane 
strikes them and forces the tail up. That, of 
course, sends the nose down; so the plane 
descends. 



When a plane goes swiftly 
round a curve it must lean 
to the inside of the curve, 
just as a skater does. To 
“bank” in this way the pilot 
moves the control stick side- 
ways and so operates two 
crosswise movable flaps, 
called ailerons, attached to 
the rear of the wings— just 
as the “elevators” are at- 
tached to the tail plane. When 
one aileron is raised, the 
other is lowered. So the air 
pushes one wing down and 
raises the other up. 

/ 

— — '-t: 


J 'Tjjg plane on t 
. .... / the left is t jr 

id. So it / going to 
lled“ele- / rise; so it ^ 
ail. They raises its “elevators,” at 
ho power- the tail, and the current 
the plane of air flowing from front 
That, of to rear along the top of 
the plane the plane strikes them 
with such force that it 
^ pushes the tail down. As 

- the tail goes down the 
L comes up and the 
* -j- ^ - plane mounts. A plane’s 
I elevators are like two 

I movable flaps attached 

I to the “tail plane’’ on 

I either side of the rudder. 

/ The pilot operates them 

by pushing or pulling at 
the control stick. 

The “tail plane,” a rigid crosswise 
piece to which the “elevators” are 
attached, serves to balance a ma- 
chine and to keep it from pitching 
fore and aft. 


The plane above 

is turning to its 

left. So the pilot ^ 

has tilted it by 

raising the left ^ 

aileron and low- • f 

(ring the right jr 

one. This pushes ^ 

the left wing down and raises ^ 

the right wing. The manoeu- ^ \ 

ver is called a “left bank.” T' ' 

A helicopter (left) has its 
propeller on top and can rise and 
descend vertically. When the pro- 
peller is tipped forward, the plane 
moves ahead. An autogiro differs 
in having a second propeller in front. 


With the upright 
rudder a pilot steers ~ 

ff rf,f a plane through 
the air just as he 
would steer a boat 
; I throughthewater. 

^ B. / When he sets the 

« '■ ' ^'1 rudder at one side 

\ ‘ I’.l tl'® current hits it 
\ r n and pushes the tail 
\ ^ I i W opposite side. 


the plane, acts 

which bites its way into the air as a screw 
bites its way into wood. It drags the plane 
along after it. The engine turns the propeller. 
It is the rapid forward movement of the plane 
that creates the air current necessary to hold 
the machine up. 



J 


, A plane’s rud- 
\ ^ der Is hinged 

\ ‘ Vir,' \ to the immovable 

‘1' ' upright •‘fin,” set 

at the tail of the plane to ^ help keep the ma- 

chine in a straight path. The wheeled landing 
gear in front and the tail skid underneath at the 
rear help the plane to land and take off. 
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cannot bend sharply down again a vacuum is 
left on top of the wings just behind the i)oinl 
where the air current shoots up. Naturally 
this vacuum tends to suck the wings up- 
ward just as the vacuum at the tail of the 
I)lane pulls the plane 
backward. Sijice the 
air pressure against 
the top of the wings is 
greatly reduced, the 
current striking on the 
under side of the wings 
is able to push the 
wings up and those 
two b)rc<*s acting to- 
gether hold the plane 
in the air. 

When the propeller 
has drawn or ])ushe(l a 
plane down the run- 
wax on the airfield 
w it h sulficient forward 
speed to create a iifi 
that w ill oxercrmie the 
|)ull oi gr,i\ ity, the 
plane h<is then at 
taiiUMl what is tailed 
“fixing s|)eed” and 
it takes off from the 
ground Stninge as it 
mav seem, the \ai- 
mini on toj) of the 
xxings (on tributes a 
go(Kl deal more lifting 
power than d(M*s the 
(iirrenl jnishing against the under side of the 
wings. About txxo-thirds of the “lift” comes 
from the suction of the vacuum, one-third 
from the direct force of the current pushing 
up from beloxx'. Of course both those forces 
depend on the forxvard motion of the plane 
through the air. Oiue that is stojiped, there 
is nothing to hold the plane up and it will fall 
like a lump of lead. And wdien the smooth 
Wow of the air over the airfoils is disturbed, 
the plane is likely to “stall” and go into a 
tail spin. \ou will notice that the four 
major forces at work on a plane ojieratc in 
pairs, “thrust” against “drag” and “lift” 
against the pull of gravity. 

The same flow' of air over and under the 
wings provides the force by which the plane 


is controlled. For in this respect the stream 
of air on the airfoils acts exactly like a stream 
of water on the rudder of a boat. The various 
movable surfaces - the ailerons, the rudder, 
the elevators —all are controlled by the pilot 
from the cockpit. The 
control lever, which 
is operated by hand, Ls 
either a straight rexi — 
familiarly known as 
the “joy stick”- -or a 
W'heel. The rudder 
bar usually has pedals 
and is o[)erated by the 
fc'et. Many airplanes, 
e.s}x.*cially large ones, 
have txvo and even 
three tail fins and rud- 
ders, to give greater 
steadiness. The ai- 
lerons, which control 
the tilt of the plane, 
work in unison, each 
moving in the oj) 
posite direction. If 
the plane rolls, with 
one xxdng sinking loxver 
than the other, the 
pilot pushes the con- 
trol lever toward the 
high side. This brings 
the plane back on an 
even keel by turning 
the aileron down on 
the loxv side, in that 
way giving the low side a stronger lift. 

Hut even though our air[)lane may be able 
to leave the ground and stay in the air xvith- 
out falling, it still may not operate smtxithly 
and efficiently. It may not have S|)eexl. 
llie “drag” may hold it back, w’hile other 
planes, xvith no more ])ower in their engines, 
will outdistance it xvith the greatest ease. 
If so, there is something wrong with the de- 
sign of the plane. It has not been “stream- 
lined.” 

The Importance of Streamlining 

Kveryw’here in nature we see e.xamples of 
streamlined shapes. Birds and fish are 
Streamlined to beautiful perfection. And the 
fuselage of an airplane is shaped very much 
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Our giant bomber the B17, or Flying Fortress - 
has at last won its wings. The inter-wing section 
has just been moved up by overhead rail and is hemg 
mated to the fuselage on the final assembly line. 
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1 Uo b> IxM*kh(^ Aircraft ('nrpnration 

If you were pilot of t Lockheed Hudson bomber this is would know every dial and control, and would handle 

what you would see before you in the cockpit. You them all with instant decision. 


like the body of a fish. But more than that, , between the plane’s weight and the .irea of 
all the exposed parts of an airplane, if the its wings. When that ratio is low that is, 
craft is to be com])letcly efficient, must also when there is a large area of wing surface in 
be streamlined. This includes struts, engine comparisfin to the weight of the plane -a great 
housing, the pilot’s ewkpit, and the landing deal of the engine’s powder will be spent in 
wheels, which in most planes to-day can be overcoming the resistance of the air that Hows 
drawn in and folded up inside the plane. It against the wings. But when the wing load 
even includes the veiy* rivets that hold the is high the same engine can seiifl the plane 
skin to the struts of the plane. When the through the air much faster. Between 1932 
old “dimple’* type of rivet was replacetl in and 1942 the speed of [)lanes increased by 
1939 and IQ40 by counter-sunk rivets flush fifty percent, largely because airplane dc- 
with the surface of the skin, twelve to thirty signers had learned how to increase the wing 
miles an hour were added to the si:)eed (if air- load. Thai is said to have been the most im- 
planes of the types on which the change Was portant single advance in airplane construc- 
made. Tapering the body toward the tail tion over a period of some twenty years. A 
and rounding the front helps to do away with fast plane may weigh more than fifty pounds 
drag. for every square foot of lifting surface. It is 

. . cs^sy to see that an airliner that can carry a 

reat Advance m esign heavy load without incrca.sing its power will 

It may be that our plane, though stream- make money for the company that owns it, 
lined, is slow because it has a low “wing and eventually will bring down the cost of 
load.” The wing load of a plane is the ratio air travel. 

328'P 


THE STORY OF AVIATION 


There is much more to flying an airplane 
than merely knowing how to operate the 
controls. The pilot must know in what direc- 
tion he is flying, how high and how fast he is 
flying, how much fuel he has left, how much 
he is drifting off his true course, whether his 
engines are overheat- 
ing, whether he has 
sufficient oil pressure, 
and many other fine 
points of aerial navi- 
gation, including the 
knowledge of instru- 
ments and the special 
training which make 
it possible for him to 
make a “blind land- 
ing” at night nr in 
heavy weather, when 
he cannot see his land- 
ing fiehl. I le can per- 
form thisama/dng feat 
merely by watcnnig 
the instruments that 
are all around him in 
the ct)ckj)it. A glance 
into the control cabin 
of a modern sky liner 
reveals a bewildering 
ma/e of instruments, 
dials, and tontrols. 

One tyjie of modern 
“luxury liner” lists no 
less than lo,^ such devices, w'hkh must be 
watched constantly by the pilot and co-pilot 
or navigator. 

A Plane’s Amazing Instruments 

All aircraft instruments belong to one of 
three main groups flight instruments, en- 
gine instruments, and navigation instru- 
ments. Among the most important in the 
first group are the air-s])eed indicator, the 
•turn-and-bank indicator, and the climb in- 
dicator. The “air-speed indicator” registers 
the speed of the plane in relation to the air 
through which it is moving. It does not 
show the speed in relation to the ground. For 
instance, the dial of the air-st)ccd indicator 
may show that the plane is moving at the rate 
of 250 miles an hour, but if the plane is flying 
directly against a wind of 25 miles an hour, 


the plane's actual speed relative to the ground 
is only 225 miles an hour. The force with 
which the air strikes the plane is measured by 
means of what is called a Pitot (pe'to') tube, 
which is attached to a wing support or to the 
nose of the airplane. This is a somewffiat 
complicated d e vi c e 
that is of great im- 
I)ortance to the pilot. 

It is practically im- 
possible for a pilot, re- 
lying on his senses 
alone, to hold an air- 
plane on a straight 
course during a “blind 
flight,” w'hen he is 
hemmed in by fog. At 
that lime a “turn- 
and-bank indicator” 
will at once warn him 
if he is swerving ever 
so little from a straight 
course. The two main 
parts of this instru- 
ment are the turn in- 
dicator and the bank 
indicator. The turn 
indicator is controlled 
by a gyroscope, which 
w e have described 
elsewdiere. The bank 
indicator consists of a 
ball inclosed in a 
cur\ed glass tube filkHl with liquid. 'I'he 
liquid merely serves to slow* up the motion 
of the ball. If the wings of the plane tip 
to the right, the ball will roll to the right 
also; and if they tip to the left the ball will 
roll to the left. When a turn is properly 
made the ball rests (juietly at the center of 
the curvcfl glass tube. If the pilot does not 
hank properly uj)on a turn he is in danger of 
“slipping” into a fatal tail spin. 

The “climb indicator” shows the rate at 
which an airplane is gaining or losing altitude. 
It uses the principle upon which the barom- 
eter is made, ami relies for its findings uix>n 
the fact that the higher one goes above the 
earth the lighter is the pressure of the air. 

Another important flight instniment is the 
“altimeter” (;ll-llm'^-ter), which also works 
on the principle of the barometer. It indi- 
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The Hoppi-Copter, a one-man helicopter, is the near- 
est man has come to wearing wings. It can fly joo 
'miles at 60 miles an hour without refueling. 
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cates the approximate height of the plane 
above a previously chosen point, which may 
l)e sea level or the point from which the plane 
stiirted or any other desired point. To in- 
terpret this kind of altimeter the pilot must 
know the air pressure on the ground beneath 
him. Of late the altimeter has been greatly 
improved. Formerly many accidents oc- 
curred because planes crashed into the side of 
a mountain when the pilot supposed he was 
high enough to clear tlie summit. 'Fhe new 
“absolute altimeter” sends out a radio wave 
which is reflected back from the earth. A 
\ery delicate instrument measures the length 
of time it takes for the radio wave to make the 
circuit and can in this way indicate the height 
of the plane above the ground. 

The “artificial horizon” controls the direc- 
tion of flight when the actual horizon cannot 
be seen, and is really a kind of adjunct to the 
lurn-and-bank indicator. It shows the de- 
gree of bank and the amount by which the 
nose of the plane is tilted up into the air or 
turned toward the ground. 

Among the engine instruments are the 
tachometer (la-k6m'e-ter), which tells how 
fa t the engine is running by showing the 
number of times the crankshaft rexolves in a 
minute; thermometers, which show how hot 
the engine is; pressure gauges, which show 
whether the oil system is being kept at a ])res- 
sure to operate the engine; and the gasoline 
gauge, which shows how much fuel remains. 
Navigating instruments include the mag- 
netic compass; the radio compass; the sun 
compass, which can be used over the Pole, 
where the magnetic compass will not w'ork: 
and various other instruments that are used 
for navigation both at sea and in the air. 

A very important part of an airplane’s 
equipment is the de-icing device, which jjre- 


vents ice from forming oji the wings and 
propeller, where it not only adds to weight 
and air resistance, but deforms the wings so 
greatly that the air currents are swcTved from 
their proper course and the plane gets out of 
control. 'Po avoid this the wings are fitted 
with “overshoes” made of rubber which has 
been treated with an oil that will not let ice 
form on the rubber surface. But more than 
that, those rubber overshoes can be inflated 
to break any ice that may be held in jilace on 
the wings by the current of air passing over 
the plane. A light \varns the f)ilot that ice is 
forming, and he turns on a pump to inflate 
the overshoes. Another device injei ts under 
the ice a chemical which is able to dissolve it. 

Because the air at ver\' high altitudes is too 
thin to make an e\pIosi\e mixture in the 
engine strong enough to drive the i)lane as 
high cLs the pilot may want to go, a “super- 
charger” must be used to conijness tin* air till 
it is as dense as the air at lower levels. J n this 
way our newest planes can mount to Svooo 
or even 05,000 feel. Sealed cabi^^■^ make it 
po.s.sible to maintain a lomlortable air pres 
sure for pas.^engers, and two j)ropelleis r*)- 
fated in ()pj)osite direct ions on a single engine 
shaft can send against the wing surfaces a 
st ream of air hea\y enough lobuoyypt heplane 
even though the surrounding air is \ery thin. 
, At the close of the war our Navy brought 
out the flelkat, a pilotless high-powered 
fighting plane. It can take otT, lly, light, 
and land by remote radio control, with tele- 
vision to let the oj)er-ator see what is going 
on. One “jfilot," seated on ihegronnfl before 
a control panel, takes the plane otT, retracts 
the wheels, and starts it circling over the 
field. Another operator in a mother plane 
flies the Hellcat on its mission, and the first 
operator lands the plane on its return. 
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This plane the XS-i has flown at nearly 2,000 miles 
an hour It is experimental as the “X*’ in the title 
shows and though it belongs to the United States Air 
Force, it will never go into service This was the first 
plane to exceed the speed of sound (1947) that is, to 
fly at ^'supersonic speed ** When a plane reaches the 
speed of sound "transonic speed” violent forces 
there can tear it apart Supersonic speeds are smoother 
The speed of sound vanes with altitude. It is 763 miles 
an hour at sea level at 59 F. and about 660 miles at 


40,000 feet. We speak of the Mach (Mak) number — or 
M number of a plane’s speed, meaning its percentage 
of the speed of sound, which is x. M-0.5 is half the 
speed of sound. Transonic speed "across sound” - 
lies between M-o 8 and M>i2. Planes that reach these 
speeds all have very thin wings, often swept back. The 
XS-i IS shaped like a rocket and burns liquid oxygen 
and ethyl alcohol It is designed to travel at 1.500 
miles an hour Its rocket motors weigh only a tenth of 
what jet motors would weigh. 


Tl IE PLANE of the FUTURE 

I low Rocket and Jet Propulsion Can Carry Us through 
the Air at Speeds That Seem Fantastic 


ORLl) W \ R II v\as\\on by iho n.Uii)n> 
that were alile to oulll> . outmaneuxer, 
and outproduce their enemies in the 
battleground of the ^kies For ^i\ xears 
during that desjunale struggle the be^t a\ia- 
tion engineers in all the lighting lountries 
worked to inij)ro\e their engines, for each 
one hoped that his own country might be the 
one to have the advantage in speed. Hut 
the best any of them could do was to stpieeze 
an additional miles an hour out of the 
ordinary type of airplane engine. ISj^ccds 
mucli above 450 miles an hour seemed out 
of the question. It was not until the closing 
days of the war that engineers turned to an 


engine operating on a new j^rinciple — that i^ 
to sa\, new in axiation. for the principle had 
been knoun before the birth of ('hri^l. 

The reaction engine— aN the new l\pe^ of 
rocket and jet engines are called i" simple 
enough. Ain one can operate a reaction en- 
gine in les', than a minute, Mereh inllate 
a tc\v balloon, hold the nozzle closed between 
)our thumb anii forefinger, then release the 
balloon Notice how^ the balloon bcoots 
away, tlarting and twisting until it cxj^els 
all the air and is flat. What propelled the 
balloon? 

To help understand how reaction engines 
w^ork, imagine a cube measuring 10 inches 
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on each side and filled with compressed air. 
Let us also assume that the pressure inside 
the cube exerts a force of 50 pounds on each 
square inch of box. Since each face of the 
cube has an area of 10 times 10, or 100, 



This diagrw will make clear to you the principle of 
jet propulsion. Compressed air inside cube A is push- 
ing outward against every face with a force of 5,000 
pounds, or 50 pounds against each square inch of sur- 
face. Now cut a square inch out of the bottom face 
— as in cube B. The pressure against the bottom is 
now 50 pounds less than against the top, so the cube 
moves upward with a lifting force of 50 pounds. 


pounds. The forces acting up, down, and 
bidewtiys are all etiual. 

Now suppose that, with the cube .sus- 
pendtd in mid air, we suddenly cut one square 
inth out of its bollom face and in this way 
make an ojx’ning in it. Hie lower surface, 
having lost one stpiare inch of its area, now 
measures only ot) scjuare indies. The force 
against the liottom fate of the culie therefore 
becomes 4,()So juumds -or i)q square inches 
multiplied by 50 pounds foi each square 



The sky rocket illustrates the principle of rocket pro- 
pulsion. It carries all its own fuel and oxygen as 
well. Once the lighted fuse sets the fuel on fire, the 
oxygen inside the rocket keeps the fire burning. 



inch. The foicc^ on the side faces still balance 
one another, hut the upward foue of 5,000 
pounds is not balanced bv the dow'nward 
pressure of 4,050 pounds. 'Ihis lack of 
balance of the forces pressing outward from 
inside the rube wall now' result m the cube's 
moving ujiw'ard under the pressure of that 
' extra 50 pounds that is being exerted against 
the top of the cube. If W'c had some kind 
of automatic pump to keep the cube filled 


It is said that Hero of Alexan- 
dria originated the idea of the 
reaction engine as far back as 
Ae first century after Christ. 
Bteam generated by water boil- 
ing inside the hollow drum 
rushes into the hollow metal ball 
and then out of the nozzles. 
The release of steam through 
the nozzles reduces the pressure 
inside the ball at those two 
points. But everywhere else 
inside the ball the steam is still 
pressing outward. That unequal 
outward thrust starts the ball 
spinning, much as a pinwheel 
■pins. 


square inches, the total force acting on each 
face from inside the cube amounts to 5,000 




This sketch 
shows Sir Isaac 
Newton's idea for 
constructing a jet-pro- 
pelled steam wagon. Steam 
inside the boiler presses 
outward against 
all the sides. 
When the ex- 
haust pipe — at 
the right is 
opened, the 
pressure 
against the front of the boiler Is greater than that 
against the rear, and the wagon is driven forward. 
The driver can stop the wagon by pushing backward 
on the pole he holds. This closes the exhaust pipe 
and 80 equalizes the pressure insidu the boiler. 

with a.’r under pressure, the upward motion 
would keep on indefinitely. 
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Above is s lawn sprinkler of the re- 
action type. As the water rushes 
out of the openings an uneven pres- 
sure is created inside the top of the 
sprinkler, and that pressure or 
backward push keeps the device 
whirling as long as the water rushes 
from the nozzles. 


If our camper is not careful he will 
land in the lake. For as he leaps 
forward, his feet will push backward 
against the canoe just as the water 
in the sprinkler pushes backward 
when it rushes from the nozzle. The 
canoe will then shoot away from the 
dock. 


It is hard to make progress on slip- 
pery ice. Our man is trying to take 
a step forward, but to do so his foot 
must push against the ice. Since the 
ice is slippery it does not push for- 
ward against his toot as hard as he 
pushes backward. So he is unable 
to move ahead. 


The ordinary skyrocket was the first suc- 
cessful operation of the reaction principle 
that we have just dest ribed— and the opera- 
tion was almost coninuu»us. The rocket has 
its fuel packed into a tube behind the head. 
When the fuse train sets the pow'der on fire, 
the burning lets loose huge volumes of heated 
gases. Those gascs, which are under pres- 
sure inside the rocket, escape through the 
oi)ening at the rear and send the rocket into 
the air. This action continues for a time, 
bc*causc the combustion (kc'im-bus'chun) — 



Above is ft diagram of a jet-propulsion motor. Air 
•entering the motor is compressed by the impeller, or 
rotary compressor, and driven into a number of long 
tubes, or combustion chambers, of which two are 
shown here. In each chamber an injector constantly 
sprays in fuel, and a spark plug sets the mixture on 
fire. The burning gases expand rapidly and their 
pressure turns the tanlike wheel ot the turbine at the 
rear of the combustion chembers. The turbine is 
solidly attached to s shaft that has the impeller fastened 
to its other end, so the impeller turns with the turbine. 
When they have passed the turbine the hot gases jet 
out through a narrow nozzle at the rear ot the plane. 
The recoil from thia exhaust of gases is what drives 
the plane ahead. 
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or burning — of the powder keeps producing 
more ga.s as fii'^l as gas escapes. The process 
will go on until all the fuel is used up. 

1 he 'skyrocket , like all other roc'ket engines, 
not only carries its ow’n fuel along w'ith it 
but also supplies its owm oxygen (6k'sl-j(^n) 
for the burning —for lire must have oxygen 
in c»rder to burn. The fuel in the rocket 
usually contains in it some compound that 
is able t<> release oxygen —potassium chlo- 
rate (piVt,Vs'i-ilm klr/rru), for e.xamplc. As 
the fuel burns, the potassium chlorate sup- 
plies the necessary oxygen. Because rockets, 
for this reason, do not need air in order to 



This diagram of a rocket motor shows how it differs 
from a jet-propulsion motor. No air enters the motor. 
Instead, oxygen, carried in the rocket, is supplied to 
make the fuel burn. As in s jet-propulsion motor, 
the burning gsses rush out at the rear, and the recoil 
against that exhaust pushes the rocket ahead. 

U 
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burn their fuel, they operate best in a vac- 
uum (vc'Uv'tt-ilm') — a space from which the 
air has been removed. 

Recently there has been a good deal of 
experimentation with rockets using lujuid 
fuels. These rt)ckets are amazingly simple 
in construction. They carry two storage 
tanks, one containing liiiuid oxygen, the 
other gasoline, alcohol, or some other fuel. 
The fuel and oxygen are led into a combus- 
tion chamber within wliich ignition (Ig-nl'- 
shOn) — or burning- -takes j)lace. Exhaust 
ga>es jetting out to the rear propel the rocket 
ahead. A pair of riK'kets, ()f)erating in two 
stages, have already carried instrunicnts 250 
miles high. From them we have learned 
much about the upper atmosphere. 

What Is Jet Propulsion? 

Jet pro])ulsi(m is a little different from 
rocket propulsion. They both work on the 
same reaction principle. The difference lies 
in their source of o.\'ygen. A jet-propelled 
plane, like a rocket, is moved forward by 
the unequal pressure in its combustion 
chamber— not, as some think, by the force 
( ' escaping gases j)ushing against the air be- 
hind the rocket. But it depends upon the 
oxygen in the air for the burning rather than 
upon its own oxygen su|)i)ly. The jet en- 
gine is therefore an “air breather.'* 

A self-contained fuel and oxygen supply 
— that is, a supply all of which is carried in- 
side the rocket or engine —offers certain ad- 
vantages, particularly at high altitudes, 
where the amount of oxygen in the atmos- 
.sphere is low or entirely lacking. But for 
dights of average length at lower altitudes, 
the amount and weight of oxygen necessary 
for burning the fuel becomes too great to be 
carried conveniently. Oxygen from the air 
costs less and is less cumbersome. It is for 
this reason that jet engines arc preferred to 
rocket engines in present-day ]danes. 

Several types of jet engine have been de- 
velo^xid. They differ only in the way in 
which they “gulp” the necessary air from 
the atmosphere. The turbo-jet engine is 
the one most commonly used. In this en- 
gine an impeller wheel, like a giant fan, 
pumps air into a combustion chamber where 
the compressed air mixes with gasoline forced 


in under pressure. The mixture is set on 
fire either by a spark ]>lug arrangement, 
or--morc frec[uently by coming in contact 
with the alnu'st red-hot walls of the chamber. 
Since the impeller is constantly pressing new 
air into the chamber from the front, the 
burning ga.ses expand toward the rear. As 
the gas mo\es backward, part of it strikes 
against another fanlike wheel attached to tlie 
shaft on which t he im])eller rides, d'his second 
wheel is called a turbine (trir'bfn) wheel. After 
passing the turbine the exhaust gas |)uffs out 
from the rear of the engine, while the engine 
recoils from the thrust of the jet. 

The turbo-jet engine is much simpler and 
mon‘ elliiient than the four-si roke-c\cle gas 
engine. There is no elaborate ignition or 
cooling system in it, and even j)roblems of 
lubricatiim <Iisappear. jet engines running 
at high speeds yield more than one horsc- 
pt)wer for each pound of their weight, 'fhey 
have elliciencies close to 50 per cent as com- 
pared with per cent etliciency for the best 
aircraft engines. That is, nearly 50 [)er cent 
of the fuel used is converted into energy to 
to run the i)lane. Engineers have even 
combined the jet engines with a j)rn[)eller. 
The turbine turns an ordinary propeller to 
give the usual thrust, while llit^jel ad<ls its 
own thrust to increase the etfu ienc y. 

Jet ])lanes can be made to travel faster 
in level flight than the si)eed of sound, which 
is 70,^ miles an hour at sea lex el. Just what 
the .speed limit c^f a jet plane is, must still be 
determined. One thing is sure, hoxvever, 
that at 1,500 miles an hour, the friction of 
the air moving over the fu.selage of even the 
most carefully streamlined ])lane xvill raise 
the temperature of the fuselage 400 degrees. 
Occupants of a plane traveling at that .speed 
within the earth’s atmosphere would be 
remsted alive. And refrigerating units able 
to counteract that high temperature would 
be tcjo heavy for the plane to raise them 
from the ground. 

With rocket ]>lanes it is a different matter. 
For since they carry their own oxygen tlu\v 
cc3uld mount above the eartli’s atmosphere. 
In theory, at least, their speed would then 
be practically unlimited. The XS-i, a 
rocket i»lane of the Air Force, is said to have 
reached a speed of 1,000 miles an liour. 
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Reading LJnit 
No. 1 


THE MIGHTIEST SLAVE OF MAN 

\otc: For basic hi format ioti For siati^th at and ( urn nt facts, 

not found on this paj^r, consult consult the Richards Ytar Book 
the general Index, Vol. [§. Index, 

Interestinjl Facts Explained 

How man first used fire, 10-331 The first matches that were fit to 
How fires were kept hiirninK, lO- use, lo 332 

331 How fire helps in the work of the 

How cave men kindled fires, 10-* world, 10-332-35 

3^2-33 When fire is a demon, 10-3^6 

Ih)w another way ()f liKhtin^ fires Why a llame ^^oes out iimler an 
was found, 10 332 inverted tumbler, 10-334*35 

'Fhintis to Think About 

W ny arc ioresl fires serious? tric-li^ht bulb^ 

Why did the Romans kee[) a fire How could we make a fire if we 
burniim in the temple of Vesta? had no matches? 

Win is there no flame in an elec- 

Picture Hunt 

How did cave men. South Sea Is- What is the history ol a match? 

landers, and Indians start fires? 10 335 
10 350-54 

Related iM a ferial 

How does electricity give us in^? 10-2S-29 

heat-^ 1 383, 380, 522-28 How can we extinguish fires? i- 

How can bacteria .start a fire? 2- 385 

ig Hinv can we use the rays of the 

How do vou start a fire ‘Tndian sun to light a fire? i 430 
fashion"? 14 565 How are buildings pnilected 

How were fires used for signal- again.st fire? 1-385 

Leisure •time A ctivities 

PROJECT XO. i: Light a fire the rays of the sun on a piece of 
by using a jiiece of glass to focus p^ip^r, 1-430, 432 

Summary Statement 

Some unknown Edison, in the make steam and so to turn nearly 

shadowy days of long ago, di.s- all the wheels and do nearly all 

covered’ the secret of making fire. the work of the world. Then it 

But it is only about a century and made the world over for us but 

a half since fire was bidden to it still may be v’ery dangerous. 
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Photos by The National MuHeurn aiul Unioo Paoiho Ity. 

Round and round and round and round between the It was a tedious chore, but fire was necessary to the 
pa’tns of his hands this Indian had to twirl his stick life of the tribe, and someone had to kindle it if it 
before the end of it in the hole began to smoulder. went out. They didn’t let it go out often I 

The MIGHTIEST SLAVE of MAN 

How We Have Loaded Nearly AH Our Work on the 
Shoulders of a Servant That We Found 
Long before History Began 


H ANY an animal will hover by a <lying 
fire till the last glow has gone out of 
its ashes and left him shivering in the 
lark. But never has a single animal dreamed 
of putting on another stick of wood to keep 
the fire going. 

It is hard to think there ever was a time 
when man could do no better. We are so 
used to fire that w^e may easily suppose our 
fathers always had it from the very start; 
and we may even have a little shock w^hen 
w^e first learn that fire was one of the things 
they had to discover. 

Yet for many a century our fathers had 
no sort of fire at all. They no more knew 
how to make a fire and keep it going, or 


what to use it for, than did a bear or buffalo. 
If we only think a moment about what their 
lives must have been like without any fire, 
and if w^e remember all that fire has done 
for us since, wx‘ shall see that it is just about 
the most important of all Uie discoveries of 
man. 

Of course there had been fires in the world 
before — from time to time. Once in a while 
the lightning would set a dead tree allame, 
and the rain might be too light to keep a 
forest fire from following. Here and there 
the red lava out of a volcano might start 
a blaze, or a white meteor from the sky 
might do it. Such fires must havx* been so 
rare, ho v "ever, that few men would ever 


330 


see 



THE STORY OF FIRE 


branch. At the 


cooked something 
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I'lercest animals. He could ])ut other branches 
on it- as he learned in due time and sc 
keej) the lire going as long as he liked. He 
could place the lire at the mouth of his den 
and ward off the wild beasts wliile he and 
his children slept through the night. And 
as he lay near the coals he came to know a 
comfort such as he luid never thought to 
feel in the chilly hours of tlie dark. 

For these reasons he kept his fire going for 
some time before he ever thought of cooking. 
It was not so easy for him to keep a fire 
burning day and night in rainy weather, and 
to do all of his hunting at the same time. 
But it was most important, for if his first 
fire went out he would have to wait for a 
meteor or a volcano or a bolt of lightning 


better for it 


Possibly some 


one left a shoul 


one night 






breakfast the ne.\l morning. Soon enough, 
in some way, all men came to love their 
meat lietter if it had been scorched. In 
due time came the clever fellow who simply 
set all his meat right on the fire and let it 
burn. lie was the first cook. 

Even such a clever man still had no way 
to start a fire. If he already had one, he 
could light another from it; if not, he would 
go cold for the rest of his days. It was still 
many a century before the next inventor 
found out how to make a fire where none 
had been before. 

Possibly he merely noticed that his two 
hands grew hot when he rubbed them hard, 
and thought that two sticks might do the 
same thing. Possibly he saw two dry limbs 












of a tree rubbing together in the wimi until 
they took fire. At any rate, he finally suc- 
ceeded in rubbing two sticks together so 
hard, or in twirling one stick in a groove so 
fast, that the dry wood began to scorch. 
Such was the first way man ever made a 
fire. It was the way our Indians use<l to 
start a fire, and the way that almost any 
savage will start one tiwiay; for there are 
still a few savages, in some of the Pacific 
islands, who cannot make a fire, though 
none at all who do not have fires and know 
how to use them. Some of the savages who 
do know how to make fire will travel a long 
way to borrow it instead, if their own goes 
out; for it is not .so very easy to make a lire 
with two sticks unless you know just how 
to do it and have the best materials as 
any Hoy Scout who knows the trick will tell 
you. 


steel upon a bit of flint, we can make a 
spark; and if we have some tinder near — 
some dry shavings or scorched linen— it may 
catch the spark and start to burn. So for 
centuries we used to make fire with flint and 
tinder, as is still the custom in some parts 
of the world to-day. Only a hundred years 
ago you would have found flint and tinder 
on every mantel where you now find matches. 

For the first matches fit to use were made 
only in 1827, by an Englishman named John 
Walker, 'riiey were about three inches long 
and hard to strike. Soon manufa( turers be- 
gan to use ph()S|)liorus (fos'fdr-us) for the 
match heads- uhich made them easier to 
strike. Hut phosphorus was j)oisonous and 
ga\e the match workers a t(‘rrible disease. It 
was not until ic)io that a phos[)horus com- 
pound was discoverc'd that eliminated those 
evils. In the meantime, safety malclu's the 


For many a century we made fires with 
two sticks, until at last we found another 
way. It grew common with the use of steel. 
If we strike a sharp blow with a piece of 

The paraphernalia below is what our forefathers used 
instead of a match — and glad enough they were to 
have it! There are three tinder boxes in Uie collec- 
tion —one of them of wood — and the equipment of 
Aims and steels and sulphur matches that went with 
them. Every tinder box contained a sharp piece of 
flint and a strip of steel curved round to form a handle, 
to be held in the left hand. When the sharp edge of 
the flint was struck against the steel, very tiny bits of 
the metal were chipped off; and these, red-hot from 
the force of the blow, fell on the tinder in Uie box 
and set it on Are. The person lighting the fire then 
blew on the tinder — which was usually a piece of 
charred rag — until it flamed, and then, wi& much 
smoke and sputtering, lighted a sulphur match from 
the tinder. When the lid was put back on the box 
the &e in the tinder went out. You can judge how 
long it took to light a fire in this way when you know 
that people preferred to go half a mile to the nearest 
neighbor’s to borrow a live coal. Sometimes a fire 
was made from the flint lock on the gun. Powder 
was put in the pan of the gun, and as the flint in the 
hammer came down against the piece of metal above 
the pan, the spark it struck set fire to the powder, 
which in turn lighted the tinder held near it. One of 
these old flint locks is shown at the top of the picture. 


kind lluil lui\e |);irt of llu* ^Iriking niateriiil 
on the 1)()\ had been de\eh)ped, and 
matches had been impro\ed in other ways. 

Waterproof Matches 

During World War II when the rainy se.i- 
son of the South Paeilic deniande<l a match 
that would strike when damp, the match 
indu.slry produced the waterproof match. H\ 
1043 l)cing turned out at Oie rate of 

ten million a day and suj)])lied to all the 
armed forces. .Ml matches are now prcxluced 
with the aid of machines from logs to fin- 
ished product and a million and a cjuarter of 
them are turned out in an hour. 

Imagine .so many fires ready to light in an 
^ hour - just suppose cHir poor 
ancestor with 
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The cave man the Early Stone Age knew how to 
twirl a soft stick back and forth in his hands until the 
point of it, wluch fitted into a hole, got so hot with the 
rubbing that it began to smoulder. Suppose it took 
as long to light each one of the 250 billion matches 
Amencans use every year. 



Innei pholun b> Jkidcm ■ TrcMi Am m > 

Anyone with a great deal of patience can light a fire 
by rubbing two sticks together rapidly until they get 
hot enough to bum. But you must have soft, inflam- 
mable woodt and never atop rubbing for an instant. 



In many parts of the world early men lighted their 
fires by striking sparks from flint with a stone known 
as iron pyrites. Ihe discovery must have come about 
naturally enough, for flint was their favorite material 
for mal^g arrowheads. When they came to use 
metals they stmck the flint with iron or steel. 



If you are very quick and if your arms don’t get too 
tired, you can kindle a fire by robbing a soft suck 
back and forth in a groove, as this South Sea Islvider 
is doing. The Indians used the root of n willow* 
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his two sticks could have know^n about it! 
But what runs the machine that makes all 
the fires? Simply a big fire, of course; for 
this machine, like nearly all machines, is 
run by fire itself. And so w^e make fire with 
fire, as we make nearly every other thing. 

That is w'hat has come at last from being 
so curious about a bla/ing branch. 

And without fire what should we all be? 
Savages to this very day. We .should hav'e 
no heat but that of the sun, and no light 
either. We should have nothing but raw 
food. We could live only in the hot coun- 
tries, w'here the natives are always savage. 
We could do next to nothing with the metals 
in the ground. We should have no iron, no 
brick, no tile, no glass — we should have 
hardly any of the thousands of things with- 
out which wc can scarcely think of living. 
We should still be wild men, and wild men 
we should stay. 

When Men Thought Fire Was God 

Now when the wild men of old found 
anything .so imj)ortant as lire, they were 
pretty sure to fall <lowm and worship it. 
It was so precious, and so perilous I That 
is why our early ancestors nearly ahvays 
gave a place to fire in their religions, and 
often a very large place. They made fire 
into a god, like the sun, and such it remains 
for many a tribe to this day. Sometimes 
the form of w'orship used to be as horrible 
as anything that W’ild men ever did. You 
may read in the Bible of the baleful idol 
Moloch, in whose red-hot jaw^s the heathen 
parents used to put .some of their baliies to 
be burned up as a sacrilice to please the go<l 
of fire. But oftener the rites were beautiful. 
An early fire w’as so precious that the very 
princesses w'ould have the sacred honor of 
keeping it from ever going out. So in the 
grand days of the Roman lCmj)ire, the sacred 
fire in the temple of the goddess Vesta was 
still guarded by the holy Vestal Virgins, 
who were the most princely women in the 
world. And so to this day the Parsees in 
Bombay guard and worship the sacred fire 
that they have kept burning ever since they 
took it with them when they were driven 
out of their home in Persia thirteen hundred 
years ago — where it is said to have been 


kindled by the founder of their faith cen- 
turies earlier still. 

Yet although the men of old knew so 
much about the value of fire, they had no 
dream of what fire would be doing for us 
to-day. It is only about a century and a 
half since fire was bidden to make steam and 
so to turn nearly all the wheels and do nearly 
all the work in the world. Only then did it 
really do its miracles- -or its one great mir- 
acle of making the earth over for us. There 
is no use in trying to tell all the things it 
does; they would almost sum up our civiliza- 
tion. Every train and steamboat in the 
world, every motor car a nil air[)lane, nearly 
every piece of the vast n(‘twork of machinery 
on which we de[)enil, woulil slop to-morrow 
if we lost the secret of lire that some unknown 
Kdisem among our savage fathers found out 
in the shadowy days of long ago. 

Familiar as w'e are with fire, fairly few of 
us know what it really is. 'Fhere are as 
many kinds of fire as there are things to 
burn. For instance, coal is hard to light and 
then burns ver>" slowly and with ver\' little 
llame. I kit a camera film will be all re the 
moment a tlame touches it and will burn 
ver\’ fast and brilliantly. It is called in- 
flammable (in-llam'a-b’D. Then there arc 
things like gunpowder and g[i'St)line that 
burn far faster still, for they flare uj) in a 
'single lla^h. They are called e\[)Iosivc. 

All of the.'^e arc di(Terc‘nt kinds of fire, and 
are used for difTerent ])urposes. To heat a 
house all (lay, or to keep up steam for a 
long railway trip, we want slow', hot coal. 
To blast through a rock we want angry 
dynamite. To drive a motor car or airplane 
across a continent we want a long series of 
little ex{)losions of gasoline. 

But if the fires in a lump of coal, a stick 
of dynamite, and a drop of ga.soline are so 
very different, what is there in all of them 
alike? In a word, what is fire itself? I'hc 
real answer is that a thing is on fire when- 
ever it starts combining rai}idly with the ox- 
ygen in the air and giving off heat. It is 
that combination with oxygen that makes 
fire. 

That is why a flame goes out under a glass. 
All the oxygen is used up. It is why a 
match goes out under your foot; you have 
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The stick matches which you see neatly boxed in the 
picture St the bottom right began their lives in the white 
pine forests of the Americsn Northwest. At the top you 
see how logs chosen for the match factories are sent 
down the mountains in man-made water courses, called 
**flume 8 /’ to the rivers which will float them to a saw- 
mill. There they are cut into blocks and shipped to the 


match factory. In the factory the blocks are chopped 
into splints which are earned on an endless chain 
through dips and drying chambers. At the center of the 
page you see the beaters which blend the so ingredients 
needed to make the head, and the chain on which mil- 
hons of matches march to completion. The machine 
at the bottom left turns out 10,000,000 matches a day. 
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Photo by U. S. Forest Semee 

Nowadmys fires rarely wipe out whole cities » but a 
forest fire can trap all the little villages within a given 
area and reduce them to ruins, with appalling loss of 
money and life. For that reason an alarm in a forested 
region during a season of drought calls out every able-* 
bodied man to help in the difficult, tiring work. Here 
forest officers are fighting a fire in the Wasatch Na- 


tional Forest, in Utah. Watchmen stationed in high 
towers on top of hills and mountains are constantly on 
the lookout to give the alarm at the first pull of smoke, 
and everyone within reach rushes to the spot. Fire 
lines -wide belts cleared of brush and debris — are 
often opened in front of the fire to prevent its spread- 
ing along the ground. 


shut off the air. It is why an electric light 
is not burning, for the bulb is made airless. 
It is why the inside of the earth is not afire, 
however hot, for there is no air inside the 
earth. And it is why the sun is not aflame, 
though hotter still; there is no air on the 
sun either. 

We have fire only when a thing combines 
with oxygen. If the thing cannot do so, it 
is fireproof — like iron and glass. If it can 
do so only in part, some of it will always 
remain — in smoke and ashes. 

Any power as strong as fire can always be 
a demon. Many a time it has got out of 


hand and done us an evil turn. It burned 
imperial Rome in the year O4, London in 
1666, Chicago in 1871, Tokyo in 1923, and 
many other towns and cities at other limes. 
When it starts in a great forest it may sweep 
in mountainous walls of flame over hundreds 
of square miles, leaving black ruin in the 
place of the fairest scenes that men may 
look upon. No one who has never seen a 
forest fire can dream of the horror of its 
fury. Nobody who has ever seen one is 
very likely to be careless in the woods again. 
For we still have to be cautious to keep our 
fires in control. 
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T he STORY 0/ SPINNING and WEAVING 

Reading Unit 
No. 2 


WE TWIST, WE STRETCH, AND WE 
CRISSCROSS 

Note: For haste information For statist u at and lurrent facts, 

not found on this pof^r, consult consult the Ru hards Year Book 
the general Index, Vol. rjj. Index. 

Interesting Facts Explained 

Making' fluffy wool into yarn Crompton's “mule" spun very 
10- 330 fine yarn, 10-341 

The art of spinning, 10-340 Weaving cloth out of yarn, 10- 

When the spinninji; wheel was in- 342 

vented, 10-34J How the loom made weaving 

Hargreaves and his “spinning easier, 10 342-43 
jenny,” 10-340-41 How carpets are made, 10-344-46 

Things to Think About 

How did our great-great-grand- How are threads made to stay to- 
mothers spin yarn? get her in a [>iere of cloth? 

flow did the "spinning jenny” How are colored designs woven 
hel|) weavers? into cloth? 

Picture Hunt 

How do primitive people wea\e? used for sinnning thread? 10- 
10 3^8, 343 340-41 

What different ways have been How are carpets woven? 10-345 

Related Material 

What do we mean by “healthful sewing needles? 10 443 
and sensible" clothing? 14- What helps us to sew (juickly? 

551, 2 4t8 10 442-44 

What colors should we wear in What makes it pf)ssible for us to 
hot weather? 1-430 have beautiful colors in our 

How do wool and cotttin cloth clothes? 9 304-6 

^lok under a microscope? 14- How’ is ra>on thread made? 9- 

550 84-86 

Who were the first people to use 

Summary Statement 

Spinning and weaving are other u.seful articles were made, 

among the olde.st of the arts. It Modern invention has freed 

was mainly the w’ork of the girls women from the spindle and dis- 
and women to .spin and weave the taff and loom, and now machinery 

material out of which clothes and does most of the work. 
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In the days when every stocking had to be knit by ever lost. Women going to market and girls tending 
hand, little fingers as well as big were set at work the geese kept their needles flying, for in those days 
turning out the family hosiery. And no moment was it was almost a crime to sit with idle hands. 


WE TWIST, WE STRETCH, and WE CRISSCROSS 

And So We Make Miles of Thread and Yards of Cloth 
out of the Wool on a Single Sheep 


N TITE ancient story of the Sleeping 
Beauty, thr little princess came upon 
an old woman ^\ho v/as l)usy spinning. 
Of course the i)rincess wanted to .spin too; 
l)ut she pricked her linger on the spindle, and 
so fell into a sleep that lasted a huntlred 
years. 

There is extremely little danger that any 
other little girl will ever have the same bad 
luck. For what little girl of our day would 
even know a spindle if she saw one? 

But for many a long century, up to very 
recently, almost every girl had to learn all 
about spinning, for it was going to be a large 
part of her work in the world. It is among 


the oldest of the aii^. for we do not know 
of any people ^^ho had not learned it; and 
it has ah^ays been mainly the work of 
women -so much so that to this day a grown- 
up girl is sometimes called a ^‘spinster.” 

So if you had been over in Eg}pt long 
before the beginning of histor\% you would 
have .seen many a girl spinning. And it 
was very skillful work too; it would be no 
easy thing for you to learn now. 

The art of spinning is simply the art of 
making fluffy wool — or any other fibrous 
stuff, like flax or cotton — into a single string, 
or *'varn.” A girl put the wool — which had 
been “carded," or combed- (m the end 
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of a stick, called a “distaff.” Holding this to our own day the girls and their mothers 
under one arm, she twisted the fibres into were making the threails in this same way. 
a thread and wound them around a spindle. There were a few inventions to help them, 


Thespindle was just another stick of wood, but our great-great-grandmothers still had 
It was thin, or “spindling,” and pointed at to do all the work by hand. Think of the 
both ends. At one end it had a notch to toil -the aching backs, the straining eyes, 
catch the end of the yarn that was going to the tired fingers! 

wind up on it. It was made to turn round ft is strange that in an art so old, and so 


and round. And in the 
middle it had a sort of 
disk or wheel heav>^ 
enough to make it turn 
smoothly and evenly. 
That was all; but it was a 
pretty clever thing for 
someone to have thought 
up centuries before we 
knew how to read and 
write. And nothing eVv- 
eier was invented for 
many a long century 
afterward 

So the girl hehl her dis- 
taff under her left arm 
and pulled out some 
twisted fibres to hook on 
t^ ^ end of her spindle 
Ihen she twirle<l the 
spindle and drew out 
more and more fibres \\ hich 








universal, the lm])rove- 
ments came more slowly 
than in almost any other. 
Not until about four 
i cent lilies ago did wc have 
a spinning wheel. I'his 
was only a big w heel that 
made it easier to turn the 
spindle. It was a great 
im])io\ement, to be sure, 
especial!) alt<‘r it w^as 
made to be turned by a 
foot, ior it left l)oth hands 
free to handle the )arn 
I .Vnd it sla\ ed in use <!own 
to the time of our great 
grandmothers ^^)u ma\ 
still see a sjunning w1um*1 
in a museum, and somc- 
tinu's in an old attic 
It )ou had^ been born 
Knglaiid around ry^o, you 


twisted or “spun” into yarn 
a.s they came. Thus she made 
one long string out of her fluff ; 
and when she w'a.s through, it 
w'as all w'ound uj) on the 
.spindle ready for the weaver. 
There are still some savages in 
the world w'ho make their yarn 
in this same way. 


f iiK iiion ilJfl 

Mi'trniKilituu MiiHClini < f Vrl 

This earnest old Italian woman 
learned as a child the difficult art 
of spinning with a distaff. Her face 
tells you how close and exacting 
the work is. For out of the ball of 
woolen fluff on the end of the dis- 
taff she must twist a long, firm 
thread. In the oval is a picture of 
the spindle, on which the thread 
was wound as it left the worker’s 
fingers. 


would have found that spin- 
ning WMs a gieal business 
I'heic htis cdwa\s been a great 
deal of w'ool in iMigland; and 
)i>u would have seen whole 
towns where nearly all the 
])e()ple did nothing but spin 
and weave, day and night. 
The peo|)le all w'orked in their 


If you think it sounds easy, you might as 
well tr>' it if you ever have a chance. It 
will take a good w'hile to learn, and wall 
make you feci as clumsy as any other thing 
you ever tried. Yet the little girls before 
the dawn of history could do it with flying 
fingers. And they were highly skillful in 
making their yarn fine and strong and even. 
Think of spinning a few handfuls of fluff 
into a thread a hundred miles long! 

But they needed all their speed and skill, 
for every piece of cloth has to begin in 
threads spun out of fluff. And almost down 


own homes, where the w^omen did the spin- 
ning and the men often wove the yarn into 
clotli. So these w'ere calleil the “cloth 

towms 

The Sad Fate of an Inventor 

In one of them, at Blackburn, lived a car- 
penter and weaver named James Hargreaves. 
Through an accident he got the idea of a 
spinning wheel that would make more than 
a single thread of yarn at once. By about 
1764 he had invented his “spinning jenny,” 
which spun ten threads instead of one. 
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and friendless. Mctinwhilc his machine was before any machine could spin the finest 

coming into use cvcr\"^\ here, and making threads. ThiswasmadebySamuelCromp- 

the fortune of many other men ton, and was called a “jsiiinning mule/* 

The> miglit certainly ha\c h)und prettier 
A Barber Turns Inventor names for their machines. But the “mule** 

The main fault of the spinning jenn> was worked hotter than it sounded, for it spun 

that it w'ould only spin loarse, rough \arn. yarn very fine indeed. It succeeded far 

So Richard Arkwriglit began dreaming of bettor than its inventor. Crompton w'as 

something better. Tie wa.s no weaver, but a poor felUnv A\ho worked in a mill and toiled 

a barber. But he heard the weavers saying for five years at night to finish his invention, 
that they could not got so much yarn as Then he was afraid to show it; and he had 

♦hey needed, and he started out to make a plenty of reason, for it was soon taken away 

machine that would sjiin yarn faster. from him for almost nothing. Thirty-two 

Pie spent several years and all his money years later the British government gave 
in the effort. Even his own wife thought him $25,000. 

he was wasting his time, and once she broke These were the three great inventions in 
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spinning, and they all came about the same 
time. They were tlie basis lor all the inven- 
tions that have come since. For of course 
we have gone on perfating them until 
we now have mills with thousands and 
thousands of spindles, turning out tons oi 
yarn for every pound tliat came from 





the old spinning whccl^ 

plenty of thread, or yarn, 
how do we make cloth out 
of it? We have to weave it. 

And strangely enough, weaving 
is n simpler thing, at least in its 

early forms, than spin- 

Tf ;.L 4^ Above, you may see what 

ning It IS easier to imen ia your hand- 

make our threads into kerchief looks l^e as it 
r 1 .1- ^1. comes from Nature’s 
a piece of cloth than hands. For here is a 

it was to make the ^**’ 1 **? delicate 

- , . , blue-flowered plant from 

threads m the first which linen is made. In 

place. So ijeoplc knew 

how' to weave even em part of the United 
I States when the cotton 

before they had fields are npe for pickmg, 

learned to spin. For 

they had jilenty of things that could be 
woven; we still weave some kind of grass, 
for instance, W'henever we make a straw hat. 

How We Weave a Piece of Cloth 

All we need to do in simple weaving is to 
lace our threads together, in crisscross 
fashion, over and under one another, just 
the way we string a tennis racket or make a 
cane seat. The result is cloth, and we can 
make it the first time we try; though to 
make it fine and beautiful we need a great 
deal of experience. 

First we may string out hundreds of 
threads all running the same way, and as 


close as possible together The closer they 
are the stronger our cloth will be. All these 
threads together are tailed the “warp” 
Then we may take another thread and run 
it straight across and through the threads 

of the warp — over 

Below at the nght you may thetirst nno unAor 
see any number of woolen tnciirsr one, unotr 

stockmgs and caps and sweat- the st'cond, over 

ers, but all unspun. For we i i 

mustrobthe sheep of his coat third, urder the 

foiiith, and soon 
soft fluff we shear from him , , . , . 

must go through any num- to the last llcic 

her of processes before we ^vcdouble ba( k and 

can put It on as a dress or . . , , 

coat to keep out the cold. tuii it through the 

threads again to 
the side where wc first 

started, and so wc go on 

back and forth until wc 
W 1^‘ive woven our 

’ doth. All the threads 

y ninning across and 

through the warp 
kMi^Bwv are called the“\\eft” 



1 but a I ) 1 
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or “wool ” Of course the closer wc can get 
them together the stronger our cloth will 
be. And all this our forefathers knew long 
before the dawn of history. 

The Invention of the Loom 

But it was weary work. Just imagine 
ninning a thread back and forth thousands 
of times, pushing it under and over, under 
and over I By the time of the Egyptians, 
there was a machine that helped a great 
deal in the work. It was a “loom.” The 
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first loom merely lowered every other thrcarl 
of the warp, and lifted every thread in be- 
tween; so there was a space between the 
threads of the warj), and one simply ran the 
thread of woof through the sj^acc, without 
having to lift it up and down all the time. 
The thread of woof was run through on a 
stick. When you a- 

reached the other Jlk 4%. ‘ f " * 

side with it, jif tion«i MuMum 

you gave 

turn to the y 

machine, 



CIT > 


and every ^ 

thready of J 

In due lime the loom was 

centuries ago It ^^as always IJIEKp 

run by hand Ihc wea\cr 

would open the sjiace lie- 

tween the warj) threads by 

pressing on a ]>edal Then 

the woof Ihiead would be - 

.arried through m«v s.y.ge tnbes «• sU 
on a shuttle 1 he they have to do all the work 

1 Ipu, lin I p Indians make some very beav 

stiultiewasaiiiuc woman weaving bask< 

wooden case with loom of the Zuni Indians, wit 
« the bottom are Puebl< 

a spool Oi >arn blankets whose patterns we 

inside; and as it 

passed through it unrolled the thread of woof 
behindit. Thusit would travel backandforth 
day after day. And that ia about the way all 
doth was mside until a century and a half ago. 


At last there came a time when the spinners 
got far ahead of the weavers. They had 
found machines that would turn out yarn 
much faster than the weavers could make it 
into cloth. So the next thing had to be a 
loom that would work far faster; and it 
needed steam to run it, for the human hand 
had already done its best. It had to be a 
^‘power loom ” 

Edmund Cartwright started to invent it. 
Ilis friends only laughed at him, for he 
surely had learned nothing about 
X ^ machinery i i 1 is college at 0\- 
^ ford, and since then he had 
~ll >- ^ - - been an Img- 

lish elergy- 
j man But he kei)t on as 
I be t he could, and b> 1785 
had macle the first jiower 
c 1 loom. Tt would press the 
pedals, open the warp, 
-jp* drive the shuttle 
forth, and 
even stop working the 
minute a thread broke < 1 or 
the \^rn of 
^ tlie woof was 
made to run 

i ^ I over a little 

'I * fork, and It the 

1 ' M * IJ ’ lEllf ^ ‘irn broke, the 




ri « f XU 

I ■'! 


Many savage tnbes are skillful weavers, though of course 
they have to do all the work by hand. Our own American 
Indians make some very beautiful things. At the top is a Hopi 
Indian woman weaving baskets. The center picture shows a 
loom of the Zuni Indians, with a blanket partly fimshed on it. 
And at the bottom are Pueblo Indians at work on one of the 
blankets whose patterns we have learned to know so well. 


I u 4 fork would slip 

I weavers, though of course L 

r hand. Our own American back and shut Ou 
il things. At the topis * Hopi thetxiwer 
The center picture shows a * 

blanket partly fimshed on it. Cartwright 
idians at work on one of the ^ 
ve learned to know so well, nidcle many im- 
provements on 
his first machine, but he never prospered 
from liis own invention. He had a good 
deal of trouble wdth the weavers W'ho 
thought his new loom would take aw^ay 
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The first great modern mvention in weaving came in 
I733> when John Kay, an Englishman, devised the 
fly shuttle, without which our great power looms could 
never have been mvented. But the weavers did not 
welcome the labor-saving device. They thought it 
would take their work away. So in 1753 noters 


stormed Kay’s house, and the inventor’s life was 
saved only by the quick-witted plan of his wife, who 
had him wrapped in a sheet and hurried out of the 
house in the arms of two workmen. The picture shows 
Kay’s wife and daughters, his son on guard, and his 
loom, with the fly shuttle on the floor beside it. 


their work. When he had a factory of four 
hundred looms about ready to start, someone 
set fire to it and burned it to the ground 
At the age of si\ty-sL\, Cartwright tinallv 
received ^50,000 from the go^ernment, 
but he had sj^ient about four times as much 
in perfecting his machine 

Wonders of a Modern Loom 

Of course the m«ichine was soon a huge 
success bince that day man\ in\ enters 
have gone on perfecting it— -making it 
stronger arul stronger, ele\erer and cle\erer 
To-day wc have great looms that pull and 
stretch the cloth exactly as they should, 
keep all the threads just tight enough, fill 
the shuttles when the sjk)o1 inside is em})ty, 
roll up the new cloth at just the right s{)eed, 
and still need so little help that a single 
weaver has l^een known to run a hundreil 
looms. Just remember how all this had to 
be done in Kg\pt’ 

How We Make a Carpet 

There are so many special kinds of weaving 
that we have no time to tell about them all. 
Many of them are hardly known to anyone 
except a weaver 

When you look at a jnece of plush, for 


instance, or a caipet. il ccrlainlv does not 
seem to ])C a mere set oi threads, halt of them 
running one wa\ and li ill ot them the other 
It Is all \el\el\ with what we c dl ihv ‘*pile,’' 
ami no soil c)l thuad lan be sein at all 
But underneath the jiilt is the wo\tn doth, 
an<l it is onl} tufts of silk or wool tu<l into 
tjiis and sticking ii|> out ot it that have lieen 
cut off smooth to form the ]iile 

I he mos>t wonderful of all weM\ing ma- 
chines K the one that ])Uts the jiat terns into 
doth JAcrvbodc knows the marcTlous 
]>atterns of color that appear in shawls and 
dresses, in eui tains and in rugs How can 
we weave pictures of bird^ and ilowers into 
cloth if wc h.ive nothing but a thread to 
go over and under, across and back:* 

How Designs Are Woven in Color 

Well, it is a complicated business, but 
there is a machine that does il all without 
stopping to think. The machine will pick 
out any number of colored threads you want, 
and bring them into view on top of the cloth 
exactly where you want them. Of course 
the woof thread in the shuttles has to be 
changed every so often. So when a new 
color is needed, to begin a new part of the 
pattern, the machine stops; then it actually 
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Here are some of 
the steps m weav- 
ing a rug First, an 
artist must make 
the design and 
paint m the colors 
on cross-section 
paper, as shown at 
the extreme left. 
Then a machine 
must stamp the 
design on card- 
board, with 
thousands of 
little perfora- 
tions 


\ 


When the design of 
the mg has been 
stamped into the 
cardboard pattern, 
that pattern is du- 
plicated uver aid uver on long laced sheets m the 
machine shown at the right These perforated 
sheets, which look much like the rolls of paper 
in a mechanical piano, are what control the 
pattern in a Jacquard loom, like the one 
shown below As they run through the loom 
the rug IS woven, according to their per- 
forated patterns, in every color known ^ 

to man 






Right An 
American 
Indian making 
a mg on the 
only kind of 
loom men had 
for thousands 
of years 
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This WAS the home of the men and women who pushed the wool was carded, spun, dyed, woven, and made 
the irontier westward. The picture comes from Har- into clothing, while the lonely worker kept an eye 
ro^vUle, Kentucky, the land of Daniel Boone. Here on the peephole in fear of an Indian attack. 


lifts a string to show the wea\er uhat ctilor 
is needed next. 

We have all seen the rolls of paper that 
are used in mechanical pianos. Uhey are 
punched full of different kinds of holes, and 
each hole plays its own kind of note. The 
weaving machine uses cards launched in the 
same way, and the cards make the machine 
do all its different duties in weaving the 
complicated pattern. 

It took nearly a hundred years to invent 
this great machine, and many different people 
had a share in its making. It was at last 
I)erfectcd in i8oi by a Frenchman named 
Jacquard f/ha'kar'), and it is named after 
him. Jacquard started as a poor workman 
in a silk mill at Lyons, but he was more 
fortunate with his invention than some of 
his English brethren. For when he came up 
to Paris with his machine, the government 
took over the idea, gave him a pension, and 


forced every mill that used his looTn to make 
him an annual jia^inent. In a little while 
file land was full of JaccjUiird looms, and 
the inventor was a riih man, as he so well 
ilescrved to be. 

In all these ways we have spun and woven 
many kinds of siutf wool ami cotton, silk 
and lla\ and jute. I'he main idea has alwa\s 
been the same to twdst and stretch the 
fibres into yarn, and then to crisscross them 
into cloth. 

But in the past f(*w' years we have found 
a brand-new way of spinning —though it is 
one that the spiders have known all along. 
The spider spins a thread by squeezing a 
liquid through a very small hole. And that 
is just the way wx* now make artificial silk, 
or rayon. About rayon wx are telling in 
another story, but we ought to say here 
that the very latest triumph in our sjiinning 
was the secret of the spider long ago. 
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Reading Unit 
No. 3 


FROM BOW AND ARROW TO 
ROCKET GUN 

Note: For basic information For statistical and current facts, 
lot found on this paf^c, consult consult the Richards Year Book 
the general Index, Vol. 15. Index. 

Interesting Facts Explained 
Man s first weapons, 10 350 armor, 10 352-56 

'I'he l)()w an<I arrow, 10 350-51 When the cannon came into use, 
What warrifirs used in the lironze 10 35S 

A>ie, 10 -350-51 Trench warfare, 10-361-62 

The famous Roman j^alleys, 10- The worlds jireatest war, 10- 
35^*52 * 362-68 F 

Kni^^hts and warriors and their Total war 10-3 ()8-F 

Things to Think About 

W hat horrors may the next w^ar For what reasons did ancient mar 
IniiijA' make weapons? 

W'hy are modern wars exceed- How much does a single battle 
in^ly terrible? .ship cost? 

Picture Hunt 

What kinds of helmet and armor Middle A^es? 10-353-61 
did warriors and knights wear Xamesomeot ihemodtTiiweapons 
in ancient times and in the of destruction, 10 ^62-()8 V 

Related Material 

Why was the war of i<Si2 “one What was the purpose of the 
(»f the most Useless ever Kellogg-Briand j)aLT? 6 442 

fought' ? 6 go, 7 210 W’hat was the purpose of ihe 

What (uiaiuial troubles wiTe the (ieneva conferente of 1033? 

diret I re'^ult of W orld W’ar I? 7 -342 

7 ^■^()-4o W'hat harm can j)oisim gas do to 

How was industry “mobili/.ed” to us? 23^0 

help the army in the World What part does radio j>lay in 

Wars? 7-324,331 modern warfare? 10 120-21 

W’hat kinds of camera arc very IIow is a submarine built? 10- 
busy when there is a war? 10- 306-310 

452 

Summary Statement 

The story of how we have story in the world. Everybody 

learned to wound and kill since .suffers in modern warfare, and 

the day when the first man threw there is a real fear that if we can- 

a stone at some beast or some not keep the peace, our whole 

other man is one of clever inven- civilization may be brought to 
tion. It is also about the saddest utter ruin. 


347 



The U S S **Franklin D Roosevelt.*’ an aircraft car- Battleships like the U S S “Missouri** can devastate 

ner, rehes on her planes to carry the fight to the enemy fleets and shore batteries with their mighty guns 



Heavily armed agamst any air attack, light cruisers A menace to any opponent on shore on the sea. or be- 

can inflict heavy damage on both ships and airplanes neath the sea# is the swift and powerful destroyer 



OffldalUS Navy Photc graphs 

The LST, vdth its cargo of men and weapons, carries The fastest of naval vessels is the PT boat, which is 
ine force of amphibious warfare to hostile beaches built for “hit and run” torpedo raids on the enemy 
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IMidto AiiiHritan Muhouiu of Nkturnl liiitur> 

Man and a very few other animals, such as the apes beasts, in spite of his deadly claws and rending teeth, 
which have learned to hurl things at their enemies, must yield to these lion hunters, who, no matter how 
are the only creatures who use any weapons ezcept primitive, have better weapons than any that Nature 
the ones that Nature provided. Even the king of could have given them. 

From BOW and ARROW to ROCKET GUN 

This Is the Tale of Alt the Things That Man Has Made to Fight 
with Since the Day When He Wielded 
the First Club 

VEN before the first men learned to horns on their heads to gore their enemies, as 
talk, they must have known how to had the rhinoceros; they had no long, sharp 
fight. Strange and terrible beasts claws or tremendous teeth, as had the terrible 
stalked round them, and other human crea- saber-toothed tiger; they had no bony armor 
tures as wild and savage as themselves might to protect their bodies, as had the ancient 
fall upon them at any moment, to dispute reptiles. Often they must have run away, 
with them a meaty bone or a warm cave or climbed tall trees to safety, or crept into 
shelter. In the law of the jungle, might is narrow caves where their enemies might not 
right. follow. 

But nature had not given them any very It was their wits and the skill of their hands 
good weapons for fighting. They had no that saved them. They learned how to fling 
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Even to-day, in the woods or in a field where not so 
very long ago there stood a stately forest, you may 
find one of &ese arrowheads that the Indians used in 
hunting. The poet Longfellow must have been think- 

stones and to swing a stout 
stick as a club. Then someone 
made a sling to throw the 
stones farther and harder. 

Son' cone else tied a heavy 
stone in the split end of a stick 
to make a more deadly club. 

Sharp pieces of hard rock 

became knives. Bits of 

pointed rcKk or bone tied 

to the ends of |K)]es be- 

came spears. In time, 

some great genius made the 

first bow and arrow. Many l.rfi . 

tribes learned to gather deadly K-tfis -.j*' 

poison from plants or serpents •31^: ^ 

and tip the ends of arrows or 

throwing sticks with certain 

death. To protect themselves, 1^9 

they began to make shields of I HL 

wood or hide or basketry. These I 

could be held before the body I 

with one hand w^hile the club or I V ■ 

spear was launched with 

the other; some savage 

tribes even have small 

shields which can be hung ~ 

about the neck or shoul- — 

der, leaving both hands by America Mu-uh. or 


ing of these carefully chipped and sharpened stones 
when he described how lagoo, the friend of old No- 
komis, cut an oak bough and out of it made arrows for 
Hiawatha, **tipped with flint, and winged with feathers.” 

fe'mfd to mVke 

primitive but deadly those primitiv^e weapons, 

b<roT«n’g.f“b*."rb:d in all sorts of queer 
clubs, and poisoned fi)rms, are still used in 
arrows. This African , . ^ r i.i 

warrior seems to prefer certain parts of the 

a spear ; and for his world Uxiav. 

. .protection he has „ . t r 

^ woven himself a but in other parts of 

I^L fine shield. world, very different 

iBk weajions were already 

being made as much as 
four thousand years ago. 
^ h'or men had begun to 

I £/ \ know the use of metals; 

V ’ J the Slone Age w^as pass- 

u . ing into the Age of 

K ‘ -f Bronze. If you wdll read 

[Bb,, . . ■ J our story about bronze, 

• ' 4^ f I many curi- 

■p//' 'V interesting facts 

about what the ancient 
peoples— the Egyptians 
theCrctans, the Greeks 
and Romans and northern 
barbarians — did with their 
HB|^^ bronze. They made strong, 
sharp spears and lances to throw 
at their enemies, daggers and 
' - swords to thrust and slash, axes 

Natural liittory moccs to cfush and hack. 




Natural liiotory 
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In the days of ancient Rome, slaves and criminals 
were often chained, in the manner shown above, to 
the “galleys,” or warships, and were forced under the 
lash to row sometimes until they died from sheer 
exhaustion. If the boat were sunk, tibese miserable 

They rimmed and studded their shields with 
metal to make them stronger, or made them 
out of bron/e altogether. They ])rotected 
their heads with bron/e helmets, their bodies 
with cuirasses (kwe-ras'), their legs with 
greaves (grev) 

Tn those old days, when a man’s business 
was largely fighting, his wxMj)ons and his 
armor were often the richest and most beau- 
tiful things he had. Savage tribes decorate 
their bone knives and their wooden lances. 
Bron/e Age warriors delighted in jeweled 
daggers, inlaid swords, and shields with raised 
designs. How gorgeously armed were 
Homer’s heroes as they went forth to battle! 
Do you remember the description of Achilles’ 


creatures went down with it, chained to the oars. This 
was a common pumshment for criminals as late as the 
eighteenth century; and in Spain to-day the name 
“galera”— or “galley slave” is still used for a crimi- 
nal, a grim reminder of the past. 

shield, which was forged for him by Vulcan 
himself, the smith of the gods? 

The Greek warriors who fought at Mara- 
thon w^cre not very difTerently armed. The 
Romans tried to make the armor lighter, 
and used more iron and less bronze. For in 
some parts of the world men had begun to 
know how to use iron more than a thousand 
ycarh before Christ. 

From the time when men first went down 
to the sea in ships, they have carried their 
quarrels to sea with them and fought upon 
the water. The most famous of all the an- 
cient war vessels w’ere the Roman galleys, 
which w'on the Mediterranean from Carthage 
and held it against the world. These were 
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wooden vessels, not very large, fitted with 
sails but usually propelled by oars. The com- 
mon warship was called a trireme (tri'rcm) 
because it had three banks of oars. To each 
oar was chained a rower — some unhappy 
prisoner of war, perhaps, _ ___ 


landed noble must have a byrnie of his own, 
and should lose his land if he appeared for 
battle without it. But even to the end, the 
finest armor was only for the wealthy. The 
common foot soldiers wore little more than 
... helmets and breast- 


^ everything else - 

or some criminal sent to mede by ^et beauty-loving racet was well made plates, ror if you are 

the galleys for his crime. to dress up in iron 

Rhythmically the long mets were adorned with plumes or feathers and you will not be free 

ro.-s of galley slaves to maKh an, I 

w^ould lift and drop the helmet, the Greeks wore breast charge with the infantry 

oars, sending the ship swiftly S5ant*l»onze*to*“protecrtheb ' ) haw to join 

through the water on its l«fs- They carried long grace- the cavalry instead. 

, „ . , spears, short swords, and / r .1 ■ • i . 

deadly errand. Hnk small round or oval shields ^>o niost of the knights 

Above in the sunshine ^*^ture8^of^aSmais*oi^fanctf^ fought on horseback, 

stood the soldiers. designs. To the left is a Little by little the armor 

viriiATt A KofflA 1\A^on k Greek warrior. ♦ V... 


w^ould lift and drop the helm 

oars, sending the ship swiftly Jj-JJ 

through the water on its 
deadly errahd. SjjAk smai 

Above in the sunshine 
stood the soldiers. d 

When a battle began, % 
one boat w^ould try to ^ 
sink the other with the k 
pointed ram that it 
carried at its prow. 

Upright by the mast 

was a huge beam of W ' . 

wood with hooks in the ^ i |, 

end ; when an enemy ship 

came near enough, the V|H flV 

crew let this l^eam fall \ 

ac^ tss the decks to fasten W ^ ' 

the boats together. Then 

the soldiers tried to boar( i Vlv ^1 

the enemy vessel, fight- M - 

ing hand to hand with 

swords and axes. 

Except for the vikings, The Roman soldier 
,, , , ,. wss armed according 

those hardy sea kings of to his rank and ac- 

the north, the people of ^ period 

the Middle Ages did most At the right isasol- 


the cavalry instead, 
rids most of the knights 

fought on horseback, 
's a Little by little the armor 
came to cover the 
knight’s whole body, and 
finally most of the horse’s 
body too. At the time of 
the crusades fkroo-sad'), 
\ tliose wars fought for the 
possession of th(‘ Holy 
jpi Laud, our knight rode 
' : \l forth iu a robe of cliain 
‘ jj mail lit ted ov<t quilted 
garments of cloth. 

// Chain mail is made of 
ly interwoven iron rings 
f 'Fhese suits \ve4;e so hard 
to get into and out of that 
the crusaders must have 
spent da\s in them at a time, 
and they were so heavy and 
cumbersome that j)eople are 
still wondering how the 
warriors ever lifted their 


of their fighting on the with**proto?Sig Rrcat sw,.rds againht 

land. And the knight of pjates, and he carries a large recUngular shield, their enemies. Later, our 

that day thought a great fought with a stout javelin; but in the days of knight would W'ear, not 

deal about arms and empire tte he«vy-«raied Wantry usually chain mail, but plate 

armor. ao one was armor, solid plates of 


armor. No one was 

much more important to him than his ar- 
morer. Because he spent so much of his 
time in fighting, the knight went more and 
more stoutly clad in “iron clothing.” At 
first it was rare and costly, 'fhe emperor 
Charlemagne (shar'le-man) made law s against 
selling any “byrnie” out of the country; a 
byrnie (bfir'nl) is a shirt of mail made of 
leather or cloth, with iron disks or rings 
sewed on it. He gave orders that every 


armor, solid plates of 
metal jointed and fitted to cover and protect 
him. Plate armor will jirotecl you better 
from a lance thrust than will mail, but it is 
still stiffer and heavier. Often enough a 
knight, unhorsed and rolled in the dust, could 
not get up to his feet for the life of him, 
though he might not have a single wound. 
He simj)Iy could not manage it in his armor! 
One cannot help thinking of the huge ar- 
mored beetles t^qt, once turned on their 
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I ri ro b> 1 uM ItikH/ 

Every age has its favorite pastime. The Greeks held 
athletic contests in honor of their gods. In Rome the 
mob swarmed to the amphitheater to see the cruel 
combats between gladiators. All the color and ro- 
fflSice of the Middle Ages is shown in the tourna- 
ments, where the nobles fought sham battles, one 
agamst another or in groups. Thus they won favor in 
the eyes of their ladies and fame in the eyes of the 

back, have such a hard time to get up again 
War in the Middle Ages was brutal 
enough, but it had its glitter and 
splendor too. How proud the knight 
was of his prancing, armored 
steed, of his own firm scat in the 
saddle, erect in his shining coat 
of metal! With iron gauntlets on 
his hands and iron shoes on hi'j 
feet, with the vi/or of his helmet 
closed dow'n over his face and all 
the rest of him completely cov- 
ered with iron or steel, he couched 
his long slim lance in rest. A gay 
plume nodded over his head, and 
perhaps a glove or a crimson slce\ c 
given him by his beloved lady. 



Photo by Metropolitan MuMum 
of Art 


world. Champions from far and wide assembled to 
show their prowess, proud dancels of the court looked 
on from the galleries, and bold heralds shouted the 
rules of the tourney and the order of events. But 
even this romantic scene of flashing armor and bright 
banners had its unpleasant side. The play was rough, 
and many a noble knight was thrust from his horse 
never to nse again - or to leave the lists a etipple for life. 

armor was oflen richly decorated In the 
later jMiddle Ages some of ihe knjghls 
were so vain of their iron clothes that 
they h«td them made in iron j)utTs 
and folds, to look like the f.isliion 
able cloth robes In one st>le 
there wxtc steel slices with up- 
turnofl toes so long and Ihninsh- 
ing that they had to be screwed 
on after the owmer had mounted 
his horse! 

All tln\ war gear, of course, was 
for use in single comljat, hand to 
hand Sometimes the light wonld 
be merely for pastime, as in jousts 
or tourne>s (tfir'nl), where the 
champions met to show their 


His coat of arms, the emblem of Here it one of the coats of prowess before the king and the 
his honorable name, was embla- SJS Th™ sLueiith ladies Sometimes it was a chance 


zoned on his shield or w'orked upon 
a light garment worn over his shield. 


century. encounter in some lonely wood. 

His Sometimes it was a pitched battle between 
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The beautv of a modern weapon lies in the fact that 
its shape is adapted entirely to its purpose. But in 
olden times weapons were prized for their artistry as 
w^'ll as for their usefulness. To learn to shield them 
gracefully, as well as with deadly precision, was part 
of the training of a gentleman. Above are: No. i. 
Austrian seventeenth century spear. Nos. a, 4, and 5* 
German seventeenth century halberts. Nos. 3 and 6. 


French seventeenth century halberts. No. 7. Helmet 
worn in France in the eighteenth century. No. 8. 
Italian seventeenth century weapon. Nos. 9 and 13. 
Italian sixteenth century weapon and helmet. No. 10. 
Sixteenth century Dutch spear. Nos. 1 1 and 14. Saxon 
sixteenth century helmet and fourteenth century cross- 
bow. No. IS. French sixteenth century pistol. No. 15. 
Spanish sixteenth century helmet. 
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This painting from the Pantheon in Paris is one of a notice that the fearless girl is wearing the heavy armor 

series which tells the story of Joan of Arc. It shows of a knight, while the common soldiers attacking her 

the capture of the samt by the Enghsh. You will are protected by chain mail. 


nobles or nations, with longl)ownicn and 
other infantry to back up the knights. Often 
tht^p was a walled city or a castle to be 
stormed and taken — or defended. 

Ever since ancient times there had been 
special weapons for the storming of fortified 
towns Thcie were 
battering-rams, huge 
logs of wood tipped 
with iron, which 
could be swung 
against gates or walls 
by many men work- 
ing together. These 
often crashed holes in 
the masonry through 
which the warriors 
could climb. There 
were catapults (kat'- 
a-piilt), or machines 
for throwing large 
stones over a wall. There were siege towers, 
which could be rolled up to the wall so that 
the besiegers could attack the ramparts from 
them. 

But just as the medieval knight learned to 
cover himself so well with armor that it was 


almost impossible to kill him, so he made his 
home stronger and stiongc r, until il was nt \i 
to imi>ossible to ca])ture it He built huge 
stone castlt‘s with walls and battlements and 
masNi\c ramjiarts, and around tlum he dug a 
deep, wide moat, wliuh lie tilled \Wth water 
dhe onl} wa\ ol 
erossing this moat 
was by a bridge, 
wJiieh he drew u]> 
after him Main of 
tlu'^e cast Its are still 
se at tered over 
Luro 2 >e to-day. 
W he n } ou journey 
up tlic Khine, for 
insUincc, jou will see 
some of them, in 
magnificent ruin, 
frowning down on 
the river from craggy 
hilltops. Others, like Warwick (w5r'Ik) and 
Windsor in England, are still used as resi- 
dences 

Men might, perhaps, have gone on to this 
day living in stone castles and riding about 
incased in steel if it had not been for the 



Fhuto I y Metropo’itin Miweui • t f \rt 

In this picture you see a sixteenth century German hal- 
bert, or combination axe and spear; it was used by soldiers 
on foot to attack their mounted enemies. With it is the 
plain sharp blade of a fifteenth century boar spear. 


556 



THE STORY OF ARMAMENTS 



I 

1 huto li\ till Viiti) iial 


When the Romens hesief^ed a citadel they might use a shelter of shields (3; ; and a catapult (4} or a ballista 

siege tower (i) , a batteriiig-ram (2) ; a ^^testudo,” or (5; to hurl spears, arrows, or heavy stones. 



I'hoto by U a Mjiual Corps 


The Great Wall of China, begun as a defense in the eighteen hundred years later, winds its way over 1,500 

third century B.C. and repaired and lengthened some miles of mountain and valley. , 
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1 Dotu by the Au( >(>pe fine Art C 

For people who had not yet learned the use of gun- 
powder, the catapult was a mighty weapon. In the 
warfare of the Romans it was used for the same pur- 

invention of gunpowder. But castle walls 
that were proof against the stoutest battering 
ram could not stand before cannon, and a 
steel-clad horseman could be bowled o\er 
like a tenpin by a single shot For centuries 
after the first guns were made, the armorers 
kept on trying to make armor proof against 
them. But slowly they lost the hopeless con- 
test, though a certain amount of armor was 
still worn as late as the time of Cromwell, in 
seventeenth century Isngland 

The Invention of the Cannon 

Cannon began to come into use here and 
there early in the fourteenth century "Ihe 
ancient Greeks, the Arabs, and the Chinese 
had had machines for throwing fire. But 
gunpowder in a metal gun could throw stones 
or lead or iron balls fiercely and far Of 
course it was by^no means so far as a modern 


pose as our cannon, and hurled stones with great force 
into the ramparts of the enemy. Abovey*you see the 
soldiers pulling the great arm into position for shooting. 

tannon shoots, a gun that could toss its shot 
five hundred feet was a might} weapon in 
those earl} davs, while a modem big gun tan 
easil} shoot twenty miles oi more. But the 
earl} cannon was diadh, just the same It 
was made of wrought iron or bronze, and 
was often beaulifull} ornamt nted 

A New Age for Navies 

In fighting on the sea gunjMiwdcr made 
just as great a change Onh once in <i while 
did warships now grapple to light hand to 
hand L/sually they fought with their guns 
The great thing was to be t lever enough at 
sailing to cross the l}ow or stern of the enemy 
vessel and let fly a broadside while the encm} , 
being end on to your ship, could not fire 
back Common soldiers almost vanished 
from warships, and skillful cannoneers took 
their place 
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No. X. An Italian of the sixteenth century 
wore this charming costume over his suit 
of armor. No. 2. An Austrian weapon of 
the seventeenth cen> 
tury. No. 4. A six- 
teenth century Ger- 
man halbttt No. 6. 

Knight and horse in 
full armor. No. 7. 

German armor of the 
seventeenth century. 

No. 8. This Viennese 
helmet of the fif- 
teenth century could 
not have been very 
becoming to the 
wearer, but it gave 
good protection. 


Some of the world’s most fantastic armor 
comes fram Japan. Nos. 3 and s show 
two Japanese suits of eighteenth century 
armor. They are 
made of a number of 
' metal plates held to- 
gether with cords of 
silk» which were of 
f different colors— red, 

,, purple, green “-ac- 
. cording to the wear- 
er’s rank. Notice the 
o plumed helmet below 
the upraised hand in 
Fig. 3. No. 9 is Ger- 
man armor of the 
fifteenth century. 
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Yet the tall galleons of the Armada (ar- 
ma'da), that proud Spanish fleet, and the 
swift English vessels of Queen Elizabeth that 
defeated them, wore no armor against one 
another’s shots. Even in Napoleon’s time, 



kind as those still in usi' They arc grooved 
inside to make the shell spin as it flies out, 
that keeps it going straight 'I’hey lire long, 
pointed shells, which are much more swill 
and go much farthei. About the same time 
machine guns were invented, small 
guns th.it kce[) on tiling automati- 
cally while a string of cartridges is 
fed into them Smokeless powder 
came into use. while dynamite and 
other de.a(ll> e\i)losi\es took the 
place ot the old gunpowder. Guns 
began to be made all of steel 
We moderns do most things on a 
larger sc.ile than the oldoi jieoples 
e\er dre .lined oi and unfoitu 
natelv killing one another is In no 
means an c \c( ption TU T()r4 the 


iround 1800, the In the early days of 
^1*1 1 *1 sea warfare no one 

thick oak sides dreamed that vessels 
of a boat were would be able to carry 
. , on a fight over miles 

Its onl) prolec- of separating water. 

tion. But along 

in the middle of tacked a merchant . 

the past cent>ir}, wm hindto \ 

when the guns was centuries later, ; 

were getting far one of the first bi«te» 

more powerful, between armored J ■ 

,r , vessels took place, 
the old W ooden You may see it at the » 

ships could not ' 

stand up against the “Monitor” and 
them at all. So “«• "Wtnmac.- 

since then warships have gone 
armored like the knights of old. 

One of the earliest and most famous battles 
of armored vessels was the fight between the 
“Monitor” and the “Mernmac” in our own 
Civil War. Their armor plate was made of 
wrought iron. Later a plate was made with 
steel on top and iron underneath, and after 
that came nickel-steel plate, part nickel and 
part steel, which is stronger still. 

Why a Shell Must Spin 

The new guns that began to be made half 
a century or so ago were of the same general 



I 

Pholufi by \ w J 


I fii»i n Sirvirw ml Imi liii.k ii n V Pi. 


nations were facing each other armed to the 
teeth, with huge n.i\us and armies .ill re.idy 
to spring foiward at the word of command 
In that vear World War I broke out, and 
for four >cars Luiope was one vast battle- 
field, with soldiers pouring into it from the 
ends of the cMrth from Asi.i and Africa and 
America and the islands of the sea. The 
wide lands laid waste, the treasure spent, 
and the millions of men killed or wounded 
in this \va^ make the wars of other limes 
seem inenifil b> contrast And of course 
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The inhabitants of this German town of the Middle the drawbndga* you see across the moat. And if the 
Ages must have felt fairly safe behind their fortifica- enemy was able to drain or fill m the moat» the towns- 
tions. At the first hint of danger they could pull up men were still protected by their massive walls. 


the first World Wtt savN nianv new or .illered 
wa\s of fighting, whether in alUck or in 
defense 

II was a war in 
whi<h masses of men, 
hea\ilv armed and ad 
\ancing in dose lor 
mation, wire hurkd 
against othn masses, 
or against the fortified 
f)()Sitions that had 
been set up to hold 
them baek (lun tire 
mowed ilown the on 
coming troops as a 
reaper mows down 
grain Siuh loss of 
life in battle was ne\ er 
st'en before oi sinee 
LarK in the war the 
opiKising armit's dug 
in —that is, neither 
side was able to win a 
clear-cut Metory in 
the full dash of bat 
tic, and so, in order to 
hold their lines firm, 
they dug a network of deep, narrow trenches 
' in which soldiers could be out of the w.'iy of 
bullets and yet hold their ground and be 


read\ to spring at the enemj in case of attack 
For eating and sleeping the men ot 
World War I went hack to dugouts scooped 

out of the earth a 

little to the rear of the 
front-line trenches 
Through summer heat 
and winter cold, in 
snow and ram and 
mud, the soldiers h\ ed 
in the trenches for 
fou r long \ ears From 
lime to lime one side 
oi the other would 
launch an attack, m 
the hope of breaking 
through the enemv’s 
lines, rolling his ar- 
mies hack, and finalK 
getting to Pans or 
Berlin or to a hill or 
wood a mile and a half 
aw'a\ ' 

But as a rule their 
gains were hardh 
worth counting, es- 
{)ecially in the face of 
the terrific losses Great masses of barbed 
wire were wound hack and forth m front of 
the trenches to hold the enem\ at bay while 



Ifo traveler can boast that he has seen the world until 
he has taken a trip up the Rhine. Perched high on 
the hdls which flank the nver are castles of the Middle 
Ages. Their gleanung turrets and frowning battle- 
ments are one of the most romantic sights in the world. 
Above is one of the finest of them; it saw brave fighting 
in the olden days* 
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his men could be raked with bullets. And 
the open space between the trenches — 
place of horror and desolation which the 
soldiers called “no man’s land”— was full of 
craters and shell holes 
and had been planted 
with mines that ex- 
ploded when they were 
trod upon. 

Most terrifying of 
all, for days before an 
attack the big guns 
pounded trenches and 
fortifications with 
heavy shells to destroy 
men and emplace- 
ments. It was the only 
way for the attacking 
force to have any 
chance of getting be- 
yond the enemy’s front- 
line trenches. When 
the “zero hour” came 
—the moment at which 
the men “w’ent over the 
top”; that is, leajK'd 
from their trenches and 
rai I oward the enemy’s 
lines — friendly guns 
laid dow’ii a “barrage” 

(ba'razh'), or of 
shell fire, ahead of them, like a fiery curtain 
to clear the w’ay. Often this was supple- 
mented by great streams of flame, sent forth 
from machines called flame throwers that 
spurted burning oil into the faces of the 
enemy. 

Small airplanes w^ere used in the First 





Photo bjr 0 8 BtgiuJ CurtM 

Here tre a cannon and a cannoneer of the Ameri- 
can Revolution. Compare this picture with the 
one below and you will see what has happened to 
the cannon in a little over a century and a half. 


World War but almost entirely for recon- 
naissance (r6-k5n'i-sans) — or getting in- 
formation behind the enemy’s lines. Giant 

airships, or dirigibles (dlr'I-j!-b’l) great 

cigar-shaped balloons 
that are propelled by a 
motor did the same 
kind of work and also a 
little bombing, but they 
were easy to puncture 
with bullets and shells, 
and w'hcn that hap- 
liened the gas leaked 
out and the airship 

collaj)sed or else it took 
fire and went up in 

flames On sea j)atrol 
they were mutli more 
useful, and in 1042 4^ 
WTre used lor that pur 
pose along the coasts 
They were excellent a! 
spotting submarines. 

The submarine was 
one of the outstanding 
weapons in both W orM 
Wars, and was most 
siKcessful ItWMsficr 
man}’s answer to the 
naval bloi k;^le w 1ik h 
the Hrilisli threw 
around her in order to starve out her people. 

The Second W^orld War saw a brand new 
t)pe of w\arfarc, made possible by the perfect- 
ing of the tank and the airplane. The old war 
of the trenches was gone, and 



This desth-desling mon- 
ster, which travels on 
tracks like a railway 
coach, is one of the 14- 
inch guns osed in France 
in World War I. 


Photo by U B. Sicnol Corpa 
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once more a vigorous attack in oi)en fight- 
ing could win the day. It was a war of 
“movement.” At the very start (icrmany 
struck so swiftly and successfully that her 
methcnl of offense has set the pattern for all 
present-day warfare. It is called the “blit^s- 
krieg” (bllts'kreg) -or “lightning war” 
for reasons that are only too plain. 

In the main the blitzkrieg depended upon 
hitting hard and fast, and to do this it made 
large use of jilanes and tanks and motor ve- 
hicles to attack military points and to move 
lrooj)s and supjilies. Its whole theory was 
to throw the enemy into confusion and then 
strike him hard before he could get him.self 
together. Planes did most of the work at 
the out. set no fortification was able to keep 
them out. They flew over tlie territory of the 
enemy in great waves- hundreds upon hun- 
tlreds of them. First of all, they bombe<l air- 
ports, hoping to destroy the opposing air 
forte while it was still on the gnnind, or at 
least to plow up the landing fields so that 
defending pianes ii<id no bases to work from. 

The Work of the Parachute Troops 

Following this, infantry was landed In 
])aracluite to occupy the airfields whenever 
possible. rhe\ got machine guns, food, and 
other supjilies even tanks by ])arachule, 
and put their airfields in shape for the imme- 
diate landing of large bodies of troops by 
transport jilanes. I hese air-borne troops re- 
infoned the early arrivals and heljH'd in at- 
tacking other strategic points— -as any ordi- 
nary infantry won hi do. 

Meanwhile, the attack from the air was 
still going forward. Sharp battles were fought 
in the skies between the invading air force 
and the defending fighter planes. Of course, 
if the inva<ling jdanes were worsted, the 
blitzkrieg was .stoppe<l then ami there. Hut 
if the enemy could win what we know* as 
“control of the air” and had |)lenly of planes 
to maintain it, the country was doomed. 

The invaders dropped enormous e.xplosive 
bombs on highways, bridges, railroad cen- 
ters, docks, oil tanks, warehouses, stores of 
ammunition, and other military supplies. 
They shattered power houses, waterworks, 
dams and reservoirs, sewage .systems, and 
any other public works necessary to the life 



I*hut4 by C. H Army SuritiJ 


With his fall broken by a ’chute this paratrooper will hit 
the ground about as hard aa if he had jumped 13 feet. 
His high shoes will not jerk off when his 'chute snaps 
open, and they will support his ankles when he lands. 
Notice the cup he wears to guard his chin. 



A parachutist must fall a conaiderable dittajice before 
he pulls the '*rip cord" that wiU open his parachute. 
After that his descent is easy. Ita direction he may 
control by manipulating the ropes of his parachute. 
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Photo coiirtf«> U S Air Fore* 

Here you see a smoke screen which an airplane has laid protection, however. The bombardier can locate his 
to hide a city from its enemies in the air. Smoke is poor targets by radar, which is not affected by smoke. 



of the country. Dive bombers shelled anti- 
ain aft guns. Small groups of engineers 
destroyed bridgeheads, passes through woods, 
and any similar points of military value. 
Light and me<lium bombers attacked gun 
positions with .smoke shells to spoil the gun- 
ners’ aim, and heavy bombers shelled towns 
and dams and strongly built points of every 
sort. The planes that were thundering 
overhead dropped thousands (^f incendiary^ 
bombs to start raging fires that hindered the 
movement of troops. 

Spies and secret agents and, when po.ssible, 
a “fifth column” — inhabitants friendly to 
the enemy- carried out assigned tasks of 
horror and sabotage fsa'bo-tiizh') — or wilful 
destruction. They si)rcad wild and alarm- 
ing rumors, and lies to destroy morale, and 
committed murder if it served their ends' 
Every effort was made to sow terror and 
confusion among the people and to start 
them fleeing in panic along the roads, which 
became so crowded with refugees that sol- 
diers could not be sent quickly where they 
were needed. Wherever troops w^ere seen, 
dive bombers centered a withering fire upon 


them. In France and Poland the (ierman 
invaders were comidetely rulliless in shoot- 
ing at fleeing civilians. 

When a country and its |)C()plu.. were ut- 
terly disorganized; when ambulances went 
(Ui‘Shing along streets and rf)ad.s and peo[)Ic 
were trying to care for the wounded; when 
oil tanks, warehouses, and railroad dej)ots 
were in flames and fire engines were at 
work in a frantic effort to keep the fires 
from wiping out whole cities, swiftly through 
the drifting smoke came the tanks. Some- 
where in the fortifications along tlic coun- 
try’s border they had found some point 
weaker than the rest. There they had 
centered their vicious attack, with ar- 
tillery, planes, and perhaps infantry to 
hclj) them. Once a break was made, they 
poured through it like water through a 
broken dam. 

The Invasion March 

The blitzkrieg attackers brought with 
them fast armored cars and large numbers 
of armored motorcycles. An “umbrella” of 
planes escorted them overhead for protection 


364 







are rockets and guided missileb and pilotless aircraft Two of the most 


famous rockets are shown at the right The upper one is the V-2, which 



the Germans sent against London at the close of World War 11 It 19 46 
feet long and reaches a speed of 2,800 miles an hour Its fuel is eftyl 
alcohol and liquid oxygen A gyroscopic system keeps it steady In an 
ascent made in 1949 at the Army proving ground at White Sands, New 
Mexico, It carried with it the smaller rocket shown below it This is 
known as the WA^ Corporal It is x6 feet long and can exceed the speed 
of sound Its fuel is red fuming nitric acid and aniline The WAC 
Corporal, let loose from the V-2 when that rocket had reached its limit, 
went on up to a height of 250 miles a record It sent back valuable in- 
formation about the upper air Scientists expect some day to be able to 



send missiles 10,000 miles 


Neither of the rockets at the right is a guided missile, though the V-2 
has been controlled in experimental flight The one at the top left is a 
guided missile, earned on the wing of a plane It will be launched from 
the plane and controlled from another plane Such missiles seek out 
their targets on land, sea, or in the air by means of radar, radio, televi- 
sion, or devices sensitive to sound, heat, and magnetism. In World War 
II the ‘‘proximity fuse” was a device of this general kind It was an ex- 
tremely tiny radio sending and receiving set that helped a shell hit its 
target 

Missiles may be launched from land, sea, or air, and seek targets in the 
air, on the ground, or on the sea Pilotless aircraft may be launched and 
controlled in the same way Both missiles and planes may be swerved in 
their flight, and eventually will perhaps be able to carry a device that will 
enable them to recognize their target when they see it and make straight 
toward it 

Missiles are classified to show the place where they are launched and 
their destination GTG is ground to ground ATG is air to ground 
ATS IS air to ship And STS is ship to shore 

One of the swiftest guided missiles is the ‘‘flying stovepipe,” which has 
a ram-jet engine Such engines have more power than any other kind, 
but they are not efficient until they reach about twice the speed of sound 
and they take a great deal of fuel A small rocket engine can be used to 
‘‘boost” them up to the necessary speed The flying stovepipe is a cyl- 
inder with valves and a fuel compartment Air comes in at the nose, and 
because of the missile's speed is highly compressed. Valves regulate the 
mixture of air and fuel and control the exhaust. They are about the only 
moving parts The missile moves forward on much the same principle as 
a squid in water 

Already the Army is planning rocket space ships that shall circle around 
the earth like small moons above our atmosphere We do not know 
exactly what their use will be, except that from them we can direct 4,000- 
mile-an-hour missiles sent against rockets of the V-2 type. 


I'hutfM Upper right poiirtwi l.energl i leolni 1 Miipen> loner right U S A.rin> Signgl 
Corn* 



36s 




THE STORY OF ARMAMENTS 



Olfklal U.8. Navy Photograph 

The airplane carrier ia one of the wonders of modern States Navy, with some of the mechanical birds that 

warfare. Here is a modem giantess of the United come to roost on her decks. 


against artillery. The dive bombers’ chief the country, withering all resistance under a 
business was to knock out any guns that wicked fire from machine guns and cannon, 
might go into action. In columns sometimes seizing or destroying vital points, holding im- 
as much as a hundred miles long the “mech- portant positions. Because tanks are not 
anized” forces penetrated into the heart of equipped to defend themselves and therefore 
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When these amphibious tractors reached the shore of trac” is but one of the strange children cf sea-borne 
Okinawa, they did not stop, but rode inland against the invasion It was built to clamber over the reefs and 
enemy on cloiikuib caterpillar treads. The '*Amph« sandbars which sunound many islands m the Pacific. 


must hi\c piotettion bodies of iiifintr> in 
,irmoit(l ncIirUs sei/ed all anti t ink i^uns 
and armond trucks kij)! the links supplied 
with immunilion ind other supplies 

The Infantry’s Job 

rios( on tin heels of the links tame the 
infintn the men who light on foot It 
w IS then business to tike ])ossessioii of the 
eountr\ but the\ did not lomi marehing 
Inste id the\ rode in swilth mo\ mg trucks 
bringing their ce|uipment with them mi 
eh me guns whieh eould be set up m three 
minutes, anti link ind anti iirer.ift guns 
automatie rilles automatu pistols, te\ir-gis 
bombs, small lamion, and other e<iuipnient 
With them were large numbers of men 
mounted on motorcM les to proteet the flanks 
of the eolumn from iii\ defenders along the 
route of mareh 

Ihe infantry soldiers, thoroughh tr lined 
for tlu'ir job, fanned out ripidl\ to sei/e 
radio stations, tedcphoni's, telegraphs, pohee 
stations, railvva\s, and suppl) centers Isii- 
ally they easily “mopped up’^ an^ armed 
resistance, though there were always some 
battles with such fortes as the invaded 
people eould get together (icnerally, the 


nation’s j)Ian of defense was so completely 
disorganized In the assault from the air that 
the bittle was almost won before the troops 
met One if ter another Poland, I ranee, 
and the nations to the south ot (lermam 
were m the enemy s hands before anyone 
knew what was happening While radios 
blared orders to the civilians and tonfused 
them with false news Storm Iroops took 
over all me*ans of eommunieation and trans 
portation Lngmeers came hard on their 
heels to rejuir the communieations and 
make ready for the occupation forces, which 
were to live as misters o\er a new slave 
state 

Attack by Sea, Too 

liuasions in which bittleships and sub- 
marine's took part naturally moved a bit 
more slowly but att.iek by sea was part of 
blitz warfare, too In the ease of Norway 
a whole fleet of German ships suddenly ar- 
riveel |ust off her inner fortituation of 
Osearsborg and almost immediately planes, 
swooping from nowhere, were raining bombs 
over the eapital eitv Simultaneous attacks 
were made against some seven or eight 
|K>rls \i one, what apjxMred at hrst 
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Photo courtn> U B Mniine C'>orpM 


These U. S. marines are practicing combat operations in 
enemy territory. Helicopters loaded with combat teams 
transfer both men and equipment from nearby aircraft 
carriers. Now that this airplane has landed a 75-mm. 
pack howitzer it can take casualties back to their carrier 
base. 

to he an innocent licet of iron ore boats 
tun ed out to be armed troop shij)s from 
whohC holds poured hundreds of well- 
equipped infantrymen. From then on, the 
occupation proceeded in about the same way 
as has been described. 

Modern Warfare Requires Exact Timing 

Modern warfare, no matter by whom it is 
carried on, calls for careful planning and 
almost perfect timing in order that all oper- 
ations may go smoothly and all advan- 
tages may be taken before the surprised 
defense forces can organize. It takes great 
preparation, for everything must be planned 
to the last detail and then carefully rehearsed. 
Both men and machines have to be tested, 
because even the best machines have to be 
operated by experienced men. 

Of course no one can predict exactly how 
invasions of the future will be carried on 01 
what new armaments will be used. New 
strategies and new weapons with which to 
carry them out are constantly being devel- 
oped. T(xlay, more than ever, technical 
knowledge and clear thinking are as necessary 


as are courage and the willingness to fight. 

Learning the Plan of Battle 

A mcMlern fighter, to the youngest private, 
knows what he is about. Before he goes into 
action his officers have c\i)lained to him care- 
fully the whole plan of the engagement. He 
knows the lie of the ground almost as well as 
he knows his own back yard. Every officer 
down to the sergeant has an excellent map of 
the land his troops will fight over called the 
terrain (t^-ran') and every man under him 
is made to memorize it. 

Those military maps are marvels of skill. 
They are made from photograjdis taken from 
airplanes by remarkable nine-lens cameras 
that are not inconvenienced by clouds or 
darkness, but can take photographs under 
almost any lighting conditions. At one load- 
ing they can make a pliot()gra])liic map of a 
region two hundred miles long and several 
miles wide, and can outwit the most elaborate 
camouflage. 

In World War I it was the artillery tliat 
was the backbone of the army, and it still iv> 
very important. There is a lO-inch howitzer 
(hou'U-zer), a cannon which like the “mor- 
tar’’ sends its |)rojectile in a high arch, or 
curx'cd “trajectory” (tra-jek'to-ri), w'hereas 
a “gun” sends its })rojectile almost in a 
straight line. The length of a ‘Cannon is 
measured in terms of its caliber, which is 
flic diameter of the projei tile and also of the 
long chamber inside the barrel. Mortars 
arc not over twelve calibers in length 
which is to say, twelve times the caliber. 
Howitzers range from 13 to calibers, and 
guns arc over 30 calibers. The howitzer is 
useful for shelling a j)oint on the other side 
of a high hill. An officer in an observation 
plane or at some other point from which he 
can .see both the gun and the object to be 
shelled, will make a number of mathematical 
calculations wdiich make it possible for him 
to give directions for taking ])erfect aim. 

Electricity Works the Big Guns 

The largest cannon are loaded by electric- 
ity, and are set in concrete emjdacements. 
In fact they are often set in pits, from which 
they rise, fire, and then sink back out of 
sight again, like great dragons that spit forth 
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their venom and then retreat to their lairs No shell can go off until a deluately adjusted 
Like all guns in |)ermaiienl emplacements, fuse sets off the detonator I he VI, or 

they uia} even he .11 med and fi rev 1 bv means ‘vinahle time,’^ fuse holds a tiny radio 

ol an electrical connection which makes it sending and receiving set that lets it go off 

possible for the gun crew to be in a safe spot onl> when near the target 

some dislanc e away 1 he field artillery docs Shells are of various kinds A high-e\- 
not use cannon heavier than its 240-mm plosive shell, the commonest kind, explcxles 
howil/er that is, one with a caliber of 240 when it strikes and destrovs whatever is m 

millimeters, an inch being just a shade over the wa^ Often the fuse is set so that the 

25 millimeters 1 leld artilleiy must move shell will penetrate an object a short distance 
over the battlelield, and the jneces have to be before exploding, and in that way do still 
mounted on vehicles 1 he cannon most greater harm Sometimes shells are filled 
used 111 the held is the lo^-mm howit/er with shrapnel, or small bullets that scatter as 
\I 1 cannon nowadavs send shells instead the shell bursts Sometimes they are full of 

of solid bullets such as niks and machine jioison gas mosllv phosgene ffcjs'jen) gas 

guns use A shell is a cigai sha|Kd case of and mustard gas the first, and most deadly , 

thin steel, arul ilwavs contains a high e\ intended to suffocate and blind a man, and 

plosive usually with a base of INI to the secoml, which is reallv an oily liquid, in- 

gctlur with a second evjilosive, or detonator tended to attack the lungs and nasal passages 

(d^'t V) n i ter) often tetrvi (tct'rll) 01 lead and to inthct terrible burns on the skin 
a/ulc (a/'icl) whic h sets off the main charge I ver\ shcUis made with cvtremecare, almost 



I) I«I> (or I 11 1 I \ It If Kltp 

This drawing represents the ideal tank It has never some desirable features cancel out others, so the pres- 
been built and probably never will be In actual use ent tanks are a compromise and therefore far from ideal 






IMmto liv U S. Army Slirnal Torps 

Beside the wreckage of a German wa^lane these sol- gun into position on a captured airfield in Germany, 
diert^ in World War II have brought their iss-millimeter Fast-moving artillery like this is a vital factor in warfare. 


as il it were a line watch. The great munition touthe^ them or, in the case of magnetic 

factories behind the lines are as important mines, to go off when a ship's iron bulk comes 

as whole armies of soldiers. near. Others are set off by sound from a 

Bombs are about like shells, but they are ship's engines or by pressing a button on 

dropped from jdanes, are thrown by hand, '*hore. Ships can outwit bombs by dragging 
are jet- or rocket-propelled, or set in the place paravanes (pc'ir'a-van) from the prow great 
where they are intended to go off. They are cables fitted with steel jaws to cut the mines 
of many kinds. For air raids there are: i) from their moorings. Against magnetii 
the deadly atomic bombs, only one of which mines sliips wear a “degaussing apparatus," 
will destroy a large city; 2) high-explosive a girdle of electric cables that ( arry an ele( trU 
"‘demolition” bombs, which may weigh as current to neutrali/.e the mine’s apparatus, 
much as 22^ tons and can reduce houses or 'Fhen there is the “dejith bomb," arranged to 
even whole towms to dust and rubble; 3) the go off under water and crush the thin walls of 
.smaller "‘fragmentation” bombs, which are a nearby submarine with the shock of the 
shattered into a thousand fragments that explosion. And there is the very deaiily 
bring death and destruction; 4) "‘incendiary” torpedo, which is a good deal like a liny 
(In-s^n'dl-^-rl) - or “fire-starling” — bomljs, .submarine, since it has a propeller, a rudder, 
which can burn with a heat of 6,300° F., and can travel to its target under its own 

half as great as the heat on the surface of power, driven by a compres.sed-air engine 

the sun. Time bombs have a time fuse that or by electricity. A torpedo can sink a large 
sets them off hours or perhaps days after .ship. 

they land. But the most deadly of soldier’s weapons 

Then there are bombs called “mines,’’ is the machine gun, the basic weapon of 

which are set at sea to go off when a ship modern warfare. It is the lineal descendant 
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The Twin Mustang (P-82), a long-distance escort fighter, allows the two pilots to relieve each other 



The Navy Skyrocket (P-84) has swppt-back wings and compartment for quick escape Air scoops at the sides 
can drop off the whole front end including the pilot’s feed the turbojet engine A rocket engine adds povier 



I liutrM pourtcin> I S Air Foite hii 1 l s 


This 18 the plane the B-so bomber -that made the fueled four times in mid-air by B-ag’s of World War II 

first non-stop flight around the world (1949). It was fame. It is a B-29 with higher tail and more power. 
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Photo >iy PoiKtln* Aircrtiff (^irpornfiun 


Without a hand at the controls, either in take off, land- service transporting cargo and troops. Since then it has 
ing or flight, this plane —the Douglas Skymaster (C-54) been the mainstay of the Air Force in operating the 
— has flown across the Atlantic guided only by a ‘*me- famous Airlift by which hundreds of thousands of tons 
chanical brain.*’ Two ships at sea controlled it by means of food and supplies have been carried over the block- 
of radio signals. In World War II the Skymaster saw ade that Russia set up around Berlin. 



The Shooting Star (F-80) was the first jet plane the On each wing tip is a container for extra fuel to be 
American Army put into service. It saw fighting in dropped when the fuel is used up. The two air ducts 
World War II, when it was the world’s fastest plane, are just in front of the wings. 


of the oUl-fashioned muskets and flintlocks curate gun tliat was ever made. But after 
that our ancestors used, and of the fine the American inventor John M. Browning 
Springfield rifle that our soldiers carrier! in (1^55 1926) had perfected the machine gun, 
the First World War— probably the most ac- its si)eed made it almost a new weapon. 
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Machine guns are of various sizes, ranging 
from the little five-pound semi-aulomatic 
carbine (kiir'bm) — which on repeated pressure 
of the trigger will deliver fifteen .30-calibcr 
bullets in quick succession— all the way up to 
a 40-mm. cannon, our 
largest automatic 
weapon — called a can- 
non because it has to 
he !> e r m a n c n 1 1 y 
mounted. All of the 
machine guns fire au- 
tomatically — that is, 
one pull of the trigger 
will let out a continu- 
ous stream of bullets, 
like a stream of water, 
as many as 700 a min- 
ute or, for continuous 
firing, 150 a minute or 
thereabout. I'he car- 
tridges are fed from a 
belt running through 
the gun ihe 

barrel, or from a mag- 
azine a boxlike con- 
tainer attached to 
the gun. On some of 
the small automatic 
weapons tlie gases es- 
caping from the e\- 
plo.sion furnisli the 
power for the mechan- 
ism that ejects the 
used cartridge and the 
cartridge clip when it 
empties. In all the 
larger guns it is the 
force of the recoil that docs this. Of course 
the guns u.sed in i)lanes are all automatic. 

The fine Garand rifle, issued to our soldiers, 
is semi-automatic — that is, the trigger must 
be pulled for each shot. It can fire fifty shots 
a minute, and is one of the best of all rifles. 
One man with a (iarand can replace in firing 
])owcr three to six men armed wdth Spring- 
fields. 

The Amazing AA Guns 

Perhaps the most amazing weapons are the 
anti-aircraft guns^“AA'' guns or “ack- 
acks.*’ They must take aim in the dark at an 


invisible airplane flying 30,000 feet high at 
200 miles an hour — and must allow for the 
fact that an AA shell will take 20 seconds 
to climb up there. As a matter of fact, the 
gunners do not really expect to hit their 
plane. If their shell 
explodes fifty yards 
from it, one of the 
fragments will be 
fairly likely to dam- 
age it. 

To help them they 
have a marvelous in- 
.slrument called a di- 
rector— a box contain- 
ing tw'o teIesco{)Cs 
with w'hich to follow* 
the course of the plane 
and miraculous de- 
vices that use the tel- 
escopes’ information 
to figure out the posi- 
tion, s[)ee(l, and direc- 
tion of the plane. And 
then still other devices 
will tell the altitude, 
temj)eralure, atmos- 
pheric conditions, and 
speed and direct if)n of 
the w'ind, all of them 
things which must be 
considered. At night 
a “triple-eared” sound 
locator revolves in the 
direction of the sound 
and helj)s the Oo-inch 
searchlight to hunt 
out the plane among 
the stars. AA guns range from the 37-mm. 
machine gun up to a 4.7-inch cannon. The 
105-mm. gun can send a 33-pound shell 
straight up for 27,300 feet. Larger guns reach 
as high as 7^2 miles. Against low* planes 
ordinary machine guns are best. 

War planes arc of a number of types, each 
designed to do a particular job. They fall 
into three main classes: heavy bombers, 
which are of long range and slow*er than the 
rest, and carry a heavy load of bombs to be 
dropped from high levels on enemy territor>^ 
attack planes, or dive bombers, which bomb 
from low levels and attack troops, ships, forti- 



HIhMo ciiurt«-*y L. ti. Air Foice 


The speed and altitude of fighter aircraft hinder the 
proper circulation of the blood. So to keep him 
from blacking out and losing control of his plane, the 
pilot wears a suit which supplies pressure 

wherever the blood begins to stop in the veins. 
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Pliuto b> I' S Anil) Air Cur vs 


As you nuy see above, a glider is a thing of grace and 
beauty, carefully designed to use every breath of air 
to best advantage. It has no engine, but relies entirely 
on the wind to keep it up. The wings and controls 
resemble those on an airplane, but in a glider the pilot 
is seated farther forward and the weight is distributed 
in a way to make up for the lack of the motor’s weight. 

The idea of the glider is not new. Men have been 
experimenting with glider models for 150 years, and 
in that way worked out certain fundamental principles 
of the airplane. The older gliders were designed to 
take off from a low elevation and ‘‘slide down a current 
of air” to the ground. Only lately have we had the 
“soaring glider,” or “sailplane,” which in the hands of a 
skillful pilot can be made to mount to high altitudes and 
go long distances on a succession of rising currents of 

fied positions, or other small targets; and 
fighter, or pursuit, planes, which pnMect 
their own cities or troops or shif)s or heavy 
bombers against attacks. Long-range bomb- 
ers arc usually too slow and unwieldy to be 
able to fight very well. The big (Consoli- 
dated Liberators (B24) and Boeing Flying 
Fortresses (Bi;) were the first long-range 
bombers to be so heavily armored that they 
did not need protection from fighter planes. 

Then, too, there mu>t be jdanes to work at 
different altitudes, and sturdy craft to go in 
and do the rough w«)rk in [irejiaration for 
other swift and highly accurate machines to 
come in for the “kill.” The Fnite<l States 
Air Force has war planes of many types — 
tankers for refueling in mid-air, trainers, 
transports for troops and supplies, and glid- 
ers to be hitched together and towed through 
the air. The first letter of a plane’s identifi- 
cation symbol tells its use. For example, a 
“B” is a bomber, a “C” a cargo carrier, and 
an “F” a fighter. Those which direct un- 
piloted planes and guided missiles by remote 
control are designated by a “ D.” Some pilot- 
less craft arc controlled from the ground. 

Tanks, though used a little in World War 
1, came into their own when the Germans 


air. One of these fragile little contrivances has trav- 
eled over 400 miles and reached an altitude of 16,000 
feet, staying in the air more than 36 hours. 

Until quite lately gliders were regarded mainly as 
toys, but now all that is changed, for it has been found 
that they can be towed through the air by a high-pow- 
ered plane and can even be hitched one behind another 
to make a glider train. The fact opens up endless pos- 
sibilities. Gliders are inexpensive to build, and if put 
into wide use would reduce the cost of air travel 
enormously. Perhaps some day we shall have trains 
of them going in all directions through the sky. Al- 
ready they have been of great service in war. When 
used to invade enemy territory they can be left where 
they land without any great loss, once they are emptied 
of passengers or cargo. 

sent their famous Fan/er (p.m^lser) l)i\isu)ns 
into France in 1040. 'Fhe weapon had been 
iiuenled in order that mac hine-gun lire might 
be safely taken into enemy-held territorv. 
Those heavily iirm()red giants c'an turn all 
ordinary bullets, and on their caterpillar 
treads can go anywduM e on an ordinary bat t le 
field, though they need protection from in 
Tfanlry or planes. They are of various si/es, 
but our largest, the (General Sherman (M4) 
weighs more than sixty ton-.. All carr\ 
several machine guns. 'I'he armored, or 
mechani/ed, force has more than tw'o him 
(I red types of tanks and wheeled vehic les, 
many of them armored and provided with 
machine guns. Fach had a sjiecial work to do. 

For infantry use against tanks our Arm\ 
had a st range-looking rocket gun nicknamed 
the bazooka. At the war’s cticl millicms of 
rockets w'cre being used by all our fighting 
forces and for every sort of pur|)ose. Else- 
where we have described their action. 'J'he 
German V-2 rocket, winged — like a plane — 
has gone up 114 miles in tests made in New' 
Mexico and has reached a speed of ,^,500 
miles an hour -too fast to be seen or heard. 
Certain new missiles carry “homing” de- 
vices to guide them to their target. 
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STORY 0/ WEIGHTS ow/mEASU 

Reading Unit 
No. 4 


HOW BIO IS IT? HOW HEAVY IS IT? 


Sotv: For basic information 
not found on this pagt\ (onsult 
the general hidex, Vol. / 5. 


For statistical and current fads, 
consult the Richards Year Book 
Index. 


Interesting Facts Explained 


The first crude pair of scale*^, 10- 

371 

What the weight of a Ihin^ really 
is, 10 371 

Hf)W the ancient Egyptians 
weij'hed thing's, 10-371, 373 
'I'he Latin meaning of our word 
“mile,” 10 373 

Why we write “Ih.” for ‘‘pound,” 


10 374 

When a [Miund was not a jiound, 
10 374 

The different measures of distance 
and weight that we use, 10- 
370, 376 

The length of the meter. 10-376- 
77 


Things to Think About 


\\ hat kind of weights and meas- 
ures were used when Queen 
Eli/abr^th ruled o\er England? 
Why do we use the .s\stem of 
mills, cents, dimes, and dollars? 

Related 

WliJit is the difference between 
mass and weight? i -303 
How can w'e w'eigh the earth with- 
out sc.iles’*' I -It) 

How can w’e find out how much 
a shi|) weighs? i 468-74 
How is it that a hea\y steel ship 
will float? 1-471 


Why do we not use the ‘‘metric 
.system" in America? 

What arc the great advantages of 
the metric system ''' 

Material 

How does centrifugal force in- 
fluence the force of gra\ity? 
1-122, 136 

At what speed do objects of dif- 
ferent weights fall? 13 -397-98 

What is meant by the “density” 
of any substance? i '467-74 


Practi cal A ppl 1 cati o ns 

What system of weights should exact weight of anything? 10- 
we use if we wish to get the 377 

What value is the metric system 
to scientists? 10-377 


Leisure^time Activities 

PROJECT NO. i : Make a bal- PROJECT NO. 2 : Make a steel- 
ance, 10-374 yard, 10-374 

Summary Statement 

There are many different ways scientific way of measuring and 
of weighing and measuring things, weighing that the world has ever 
but the metric system is the only had. 
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(ill itiinil 1 

H 11 lur iM 

Nil II iku 1 
( lull ind PiTU 
( iibi 
Ml Ml 1 
Rum-i 1 

Pol in 1 

Scotl mil k Iril 111 1 


\merican 
Fquiv ilenti 


2 mitric Ions 
(4 |og ‘ lbs } 

1 1 4 bu 

ii 2 5b 4 ba 
4 b n trres 
1 8^0 ft 

I on 8 Him 

1 014 IbR 
I 01 4 lbs 
I 0141 IbM 
I t I 4b7 lbs 
1 0143 lbs 
I 014 3 lbs 
I 0/4 3 lbs 
I 050- h j (]tq 
» ooSi > dry qts 

I 1 II s 

1 K/Ibs 
>111 ft 

lb-, cu ft f ' 
r ;S » ft b in 
I 7 4 leres 
1 lift- 

f ■> >7 lb 
S. 2 - lbs 

3 > I** itilIks 

4 bs rml s 

1 f 1 nnIrM 

r I S n miles 
114^3 mill M 

2 o. lbs 
J <M acn 

K n. lbs 
/Si lb« 

7 H h Ib^ 

8 3 inrhi s 
13^ M lbs 
1 3 i ‘ I lbs 
I 3b ib If s 
1 30 4 4 lbs 

0 04"i»S I X l 

1 )i 41b f t 
“ 0 I nr Iks 

3f I r 3 H s 
1 102 II 

I 20004 h<i (It 
103 0-, dry It 
H 2i< bu 
1 u .s lbs 
I J s 4 lbs 
11143 lbs 
I or 41 lbs 

I II 4- lbs 

) 4b lbs 
( 3 ^ H - 

/S ( lbs 

- inl 

8 2 I 11 

01 4-ii tin 
3i lbs 

II 13 M inclii s 

I 11 li 4 pi irtM 
n 0 3- lbs 

1 4 lbs 

11/3 inchi - 
-J"^b4krs urn I 

0 icre 
s lb bu 

's pii ks 

40 cu It 

3 o 'to bu 

1 3b icriM 
2.040 lbs 

3> sS s'! tt 
I .(» inthi s 
I >) 1 u 

1 2* uns 

34 104 1 iikIks 
32 01 3 inclKs 
3 00; UK Iks 
3 oS3iik1k- 
3, )•)- iiichis 

32 or 3 iiiclics 

33 38t) nil Ills 

3 902 inelits 

2 " )' kds 
n bb 3 mil 

41 ->0 itn s 
41 282 1)U 


WEIGHTS AND MEASURES 


Metric System 
LENGTHS 


“1 

Millimeters 

Centimeters^ 

Decimeters 

Meters 

U. S. Equivalent 

British Imperial 

(nun) 1 

(cm) 1 

(dm) 

1 (m) 

Equivalent 

1 

0.1 

0 01 1 

> 0.001 

0.0393700 inch 

0.03937011 inch 

10 

1 

.1 

.01 

0.393700 inch 

0.3937011 

inch 

100 ' 

10 ^ 

' 1 ' 

1 

.1 

3.93700 inches 

3.937011 

inches 

' 0.3280833 foot 

1 0.3280843 

foot 

1000 

100 

10 

t 1 

1 39.3700 inches 

39.37011 

inches 

1 

, 3.280833 feet 

3.28C84 

feet 








Meters 

(m) 

Dekameters 

(dkm) 

Hectometers! 

(hm) 

! Kilometers 

1 (km) 

U. S. Equivalent 

British Imperial 
Equivalent 

1 1 

^ 0.1 

0.01 * 

' 0.001 

1.093611 yards 

1 , 0.198838 rod 

1.09361425 yards 

10 

, * 1 

1 

1 

10.93611 yards 

1 1 1.98838 rods 

10.9361425 

yards 

100 1 

10 ' 

' 1 

1 1 

19.8838 rods 

109 361425 

yards 

1000 

100 1 

1 10 

1 1 

, 0.62137 mile 

, 0.62137 

mile 


1 millionth micron l(h*’ meter- 10- * centimeter = 0.01 Angstrom units 

1 Angstrom unit or Angstrom (A U or A) = .0000000001 or 10- * metei 

1 milli-micron or micro irillimeter (mM)-one one-thousandth micron -10-“ centimeter 10 Angstrom 
units 

1 micron (M) .001 millimeter = 10-* meter =10-^ centimeter -10,000 Ansgtrom units 000003937 in. 
1 m 3 rriameter= 10,000 meters = 6.2 137 mi. 

AREA 


Sq. Millimeters 

(mmO 

Sq. Centimeters 
(cmO 

Sq. Decimeters 
(dm-*) 

Sq Meters, 
Centares 
(m% ca) 

U. S. Equivalent 

1 

0.01 

0.0001 

0.000001 

0.00155 sq. in. 

100 

1 ' 

01 

, .0001 

0.154999 sq. in. 

10,000 

100 

1 

tOl 

15.4999 sq. in. 

1,000,000 

10,000 

100 

1 

10 76387 sq ft. 


Sq. Meters, 
Centares 

Sq. Dekameters 
Ares 

Sq. Hectometers 
Hectares 

Sq. Kilometers 
(kmO 

U. S. Equivalents 

(m', ca) 

(dkms a) 



(hm*, ha) 

1 

0.01 

0.0001 

0.000001 

0.039537 sq. rod 

100 

1 

.01 

.0001 

0.02471 acre 

10,000 

100 

1 

.01 

2.471 acres 

1,000,000 

10,000 

i 

100 

1 

0.3861006 sq. mile 


British Imperial 
Equivalents 

0.001550 sq in. 
0.155001 sq. m. 
15 5001 sq in. 
10 76300 sq ft. 


British Imperial 
Equivalents 

1.1960 sq. yds 
110.60 sq. yds. 
2.4711 acres 


VOLUME 


Cu. Millimeters 

Cu. Centimeters 

Cu. Decimeters 

Cu. Meters 

U. S. and British 

(mm>) 

(cm s cc) 

(dm ») 

(m>) 

Equivalents 

1 

0.001 

0.000001 

0.000000001 

0.0000610 cu. inch 

1000 

1 

.001 

.000001 

0.0610 

cu. inch 

1,000,000 

1000 1 

1 

.001 

61.024 

cu. inches 

1,000,000,000 

1,000,000 

1,000 

1 ■ 

35.315 

1.3080 

cu. feet 
cu. yerds 


1 stere = 1 cubic meter 
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WEIGHTS AND MEASURES 


Metric Svstem {Continued) 
CAPACITY 


1 liter is the volume of pure water which, at 4^ C. and 760 mm. pressure, weighs 1 kilogram. 1 liter = 
1.000027 cubic decimeter = 1,000.027 cubic centimeters. 


Millimeters 

(ml) 

Centiliters 

(cl) 

Deciliters 

(dl) 

Liters 

a) 

U. S. Equivalents 

British Imperial 
Equivalents 

1 j 

0.1 

0.01 

[ 0.001 

{ 16.231 minims 
\ 0.0610 cu. inch 

0.0610 cu. inch 

10 

1 * 

.1 ' 

' .01 

2.70518 fl. drams 

0.070 gill 

0.176 pint 

100 

10 


1 •* 

3.38147 fl. ounces 

1000 

100 

1 

! ■” : 

' 1 

1 

i 270.518 fl. drams 
33.8147 fl. ounces 

1.75980 pints 


Liters 

(1) 

Dekaliters ' 
(dkl) 

Hectoliters ' 
(hi) 1 

Kiloliters 

(kl) 

U. S. Equivalents 

' British Imperial 

1 Equivalents 


1 



^ 1.05671 liq. quarts 


1 

1 

0.1 

^ 0.01 ’ 

1 1 

0.001 

1 

, 0.264178 gallon 

1 1.8162 dry pints 
( 0.9081 dry quart 

1 

.2200 gallon 

1 



1 1 


{ 18.162 dry pints 


10 

1 


.01 

^ 9^081 dry quarts 

2.200 gallons 





1.13513 pecks 

100 

10 

1 

.1 

2.8378 bushels 


1000 

100 

10 

1 

1 

3.437 quarters 


MASS 


Milligrams jCentigrams 
(mg) 1 (eg) 

Decigrams 
(dg) 1 

^ Grams 

1 (g) 

U. S. Equivalents 

British Imperial 
Equivalents 

1 

' 0.1 

' 0.01 

0.001 

1 0.015452356 grain 

0.01543236 grain 
0.1543236 grain 

10 

1 

.1 ' 

1 .01 

I 0.15432356 grain 

100 

10 

1 ' 

' ‘ 

1.5432356 grains 
15.432356 grains 

1.543236 grains 
15.43236 grains 

1000 

100 

10 


0.5643833 dram av. 

, 0.564383 dram av. 


1 

1 

1 1 

0.03527396 ounce av. 

1 0.0352739 ounce av. 


Grams 

Dekagrams 

Hectograms 

Kilograms 

1 U. S. Equivalents 

British Imperial 

(g) 

1 

' (dkg) 

1 

(hg) 

(kg) 

Equivalents 

1 

0.1 

0.0! 

1 

0.001 

1 1 

0.771618 

1 0.2572059 
0.03215074 
, 0.0022046 

scruple 
dram apoth. 
ounce apoth. 
pound av. | 

1 

0.77162 

0.64301 

0.03215 

scruple 
pennyweight 
ounce troy 

10 

1 

.1 ’ 

' .01 ' 

5.643833 

drams av. 

5.64383 

drams av. 

100 ! 

10 

1 

.1 

3.527396 

ounces av. 

3.52739 

ounces av. 





2.204622341 

pounds av. 

1 


1000 1 

100 

10 

1 1 

2.6792285 

pounds Troy 

2.2046223 

pounds av. 

1 


1 

1 


or apoth. ^ 

1 


1 kilogram - 15432.35639 grains =-0.001 10231 short ton = 0.00098421 long ton. 

1 metric carat = 200 milligrams = 3.0864712 grains. 

1 mj^iagram - 10000 g. = 10 kg. = 22.04622 pounds av. 

1 quintal (metric) = 100 kg. = 220.46 pounds av. 

1 millier or tonne = 1000 kg. = 2204.62 pounds av. » 2679.23 pounds troy 0.98420640 long ton = 1.1023112 
short tons. 


PREFIXES 

The prefixes mega-, meaning one million, and micro-, one millionth, are used in connection with 
various simple and derived units of the metric system. 






WEIGHTS AND MEASURES 


U. S. System 

Misi'cllaMeoui Units and hquivalents 
LENGTHS 

The United States standard yard is defined as 3600/3037ths meter. 


Inches 
(in.) j 

Feet < 

(tt.) 

1 Yards 

(yd.) 

Rods 

(rd.) 

Miles 1 

(mi.) 

Metric Equivalent 

1 1 

0.08333 

0.027778 

0.00505051 

0.000015783 

2.54001 centimeters 

12 

1 

.33333 

.0606061 

.000189394 

0.304801 meter 

36 

3 

1 

0.181818 

.000568182 

0.914402 meter 

198 

16.5 

5.5 

1 

.003125 

5.029210 meters 

63,360 

5280 

1760 

1 ^20 , 

1 ' 

1 .60935 kilometers 


1 mil -0.001 inch = 25.4001 microns = .0254001 millimeter 
1 hand = 4 inches = 10.1600 centimeters 
1 span = 9 inches = 22.86005 centimeters 
1 fathom (fath.) = 6 feet = 1.828804 meters 
1 link 0.66 foot = 7.92 inches = 20.1 1684 centimeters 

1 rod (rd.) = 25 links = 5.029210 meters 

1 surveyor’s or Gunter’s chain (ch.) = 4 rods = 100 links ^66 feet = 20.1 1684 meters 
1 engineer’s or Ramsden’s chain = 100 links of one foot each -= 100 feet - 30.4801 meters 
1 knot or nautical mile = 1.1516 statute miles -6080.27 feet - 1.85325 kilometers =r of arc on the 
Earth’s surface at the equator 
1 British yard =3 feet = 36 inches = 0.914399 meter 
1 British inch = 2.539998 centimeters 
1 British mile = 1760 yards = 1.60934 kilometers 
1 furlong (fur.) = 40 rods = 220 yards = 660 feet -201.168 meters 
1 pole (British) = 5.5 yards = 5.0292 meters approximately I rod 
1 British fathom =6.08 feet 
1 toise = 6 Paris feet = 1.94904 meters 
1 Paris foot (pied) = 12 Paris inches = 0.324839 meter 
1 Paris inch (pouce) = 12 Paris lines -2.70700 centimeters 
1 Paris line (ligne) = .225583 centimeter 
1 light year = 5.9 X 10” miles = 9.5 X 10” kilometers 
1 point (type sizes) = 1/72 or 0.01389 inch 
1 line = 1^12 or 0.08333 inch 
1 c< bit= 18 inches 

AREA 


Sq. Inches Sq. Feet Sq. Yards Sq. Rods Acres 
(sq. in.) (sq. ft.) (sq. yd.) (sq. rd.) (A.) 

1 0.0069444 I 

144 1 0.111111 

1296 9 1 ; 0.03305785 

I 272.25 30.25 1 0.00625 

I 

>43560 4840 160 ’ 1 


Sq. Miles 
(sq. mi.) 


Metric Equivalent 


6.452 sq. centimeters 
, 0.09290 sq. meter 
' 0.8361 sq. meter 
25.29295 sq. meters or 
I centares 


I 0.0015625 40.46873 ares 


27,878,400 , 3,097,600 | 102,400 ^640 ^ 1 2.589998 sq. kUometers 


1 square mil = .000001 square inch = .000645 square millimeters 
1 circular mil = area of a circle whose diameter is one mil = .000000785 square inches 
1 square link = 62.7264 square inches = 404.6873 square centimeters 
1 square rod (sq. rd.) = 625 square links = 25.29295 square meters 
1 square chain (sq. ch.) = 16 square rods = 404.6873 square meters 
1 acre (A) = 10 square chains = 4046.873 square meters 


1 British square yard = 9 square feet = 0.8361 26 square meter 
1 British square foot =144 square inches = 9.2903 square decimeters 
1 British square inch = 6.4516 square centimeters 
1 square perch (British) = 30.25 square yards = 25.293 square meters 
1 rood (British) = 40 square perches = 10.117 ares or square dekameters 
1 acre (British) = 4 roods 

VOLUME 



Cubic Feet 
(cu. ft.) 

Cubic Yards 
(cu. yd.) 

Metric Equivalent 

0.00057870 


16.387 cubic centimeters 

1 

0.037037 

0.02832 cubic mater 

27 

1 

0.765 cubic meter 










WEIGHTS AND MEASURES 


U. S. System (Continued) 

1 board foot (bd. ft.) - 144 cubic inches =- 2359.8 cubic centimeters 
1 cord = 128 cubic feet = 3.625 cubic meters 
1 British cubic foot = 1728 cubic inches = 0.028317 cubic meter 
1 British cubic yard = 27 cubic feet =- 0.76455 cubic meter 
1 cubic foot = 6.229 British gallons = 7.481 U. S. gallons 
1 cubic yard = 168.17 British gallons 

CAPACITY LIQUID MEASURE 


Gills 

Pints 

(pt.) 

Quarts 

(qt.) 

Gallons 

(gal.) 

Cubic Inches 

1 

Metric 

Equivalent 

1 

0.25 

0.125 

0.03125 

7.21875 

118.292 mUliliters 

4 

1 

0.5 

0.125 

28.875 

0.473167 liter 

8 

2 

1 

0.25 

57.75 

0.946333 liter 

32 

8 

4 

1 

231 

1 

3.785332 liters 


1 gill ~ 4 fluid ounces = 1.18 deciliters 

1 gdlon (U. S.) of water at 15' weighs about 8.337 pounds av. or 3.782 kilograms = 0.83268 British gallon 
1 hogshead = 63 gallons 
1 firkin = 9 gallons = 34.06799 liters 
1 tun - 252 gallons 
1 British gill = 1.42 deciliters 
1 British pint = 4 gills - 0.568 liter 
1 British quart = 2 pints = 1.136 liters 

1 British gallon = 4 quarts- 277.3 cubic inches = 0.160 cubic foot = 4.5459631 liters 
1 British gallon of water at 15' C. weighs 10 pounds = 1.20094 U. S. gallons 

APOT HECARI ES* FLUID MEA SURE _ 

Minims i Metric Equivalent 

(min. or nv) (n. dr. or ,i) (fl. oz. or (pt.) i ^ 

1 0.016M7 0.0020833 I 0.0616102 miUUiter 

60 1 ' 0.125 I I 3.69661 mUliliters 

480 8 1 0.0625 I 29.5729 milliliters 

7680 128 16 ,1 0.473167 liter 

f fluid ounce - 1.80469 cubic inches 
1 gallon - 128 fluid ounces = 8 pints 

1 British Imperial gallon = 8 pints = 160 fluid ounces -4.5459631 liters 
1 British fluid ounce - 8 drachms = 28.4130 cubic centimeters 
1 British fluid drachm = 60 minims =3.5515 cubic centimeters 
1 British minim 0.05919 cubic centimeter 
DRY MEASURE 


Pints 

(pt.) 

I Quarts 

(qt.) 

JS-r 

1 ujt 

1 : 
1 

Bushels 

(bu.) 

Cubic Inches 

1 Metric Equivalents 

1 

0.5 

0.0625 1 

1 0.015625 

33.6003125 

1 0.550599 liter 

2 

. 1 

0.125 

0.03125 

67.200625 

; 1.101198 liters 

16 

8 

1 

0.25 

537.605 

8.80958 liters 

64 

. _ , 

4 

1 

2150.42 

35.2383 Uters 


1 British peck = 2 British gallons -- 554.6 cubic inches = 9.092 liters 

1 British bushel = 8 British gallons = 2219.3 cubic inches -36.37 liters- 1.03151 U. S. bushels 
1 British quarter -= 8 bushels = 2.909 hectoliters 
1 U. S. bushel = 0.96945 British bushel 

MASS 

Note: Three systems are in use, -avoirdupois, troy, and apothecaries*. The grain is the same in all 

AVOIRDUPOIS COMMERCIAL 


The U. S. Standard pound avoirdupo i s is defi n ed as 453.5924277 grams. 


Grains 

(gr) 

Drams 
(dr. av.) 

Ounces 
(oz. av.) 

Pounds 

0b. av.) 

Tons (short) ^ 
(tn.) 

Metric Equivalents 

1 

27.34375 

437.5 

7000 

0.03657 

1 

16 

256 

0.0625 

1 

16 

32000 

0.0625 

1 

2000 

0.0005 

1 

0.064798918 gram 
1.771845 grams 

28.349527 grams 

1 453.5924 grams 

\ 0.4535924 kilogram 

907.18486 kilograms 


^;7o-E 



WEIGHTS AND MEASURES 


U. S. System {Continued ) 

1 pound avoirdupois is the mass of 27 M2 cubic inches of water weighed in air at 4** C., 760 mm. pressure 
1 short hundredweight (cwt.)>100 pounds -45.359243 kilograms 
1 short ton = 20 short hundred weight = 2,430.56 troy pounds = 907.18486 kilograms 
1 stone (British) = 14 pounds = 6.350 kilograms 
1 quarter (British) = 28 pounds = 12.70 kilograms 

1 long hundredweight (British) = 4 quarters = 112 pounds = 50.802352 kilograms 
1 long ton (British) = 20 long hundredweights = 1016.04704 kilograms 
1 long ton = 1.12000 short tons = 2722.22 troy pounds = 1.01605 metric tons 
1 short ton = 0.89287 long ton = 29,166.66 troy or apothecaries* ounces = 0.90718 metric ton 
1 avoirdupois pound = 1.21528 troy or apothecaries* pounds-- 14.5833 troy ounces 
1 avoirdupois ounce -0.91 15 troy or apothecaries’ ounce 


TROY WEIGHT 


Grains | 
(gr.) 

Pennyweights 

(dwt.) 

Ounces 
(oz. t.) 

Pounds 

Ob. t.) 

Metric Equivalents 

1 

1 ' 

24 1 

480 

5760 1 

0.0416667 1 

1 1 

20 1 

240 I 

0.0020833 

0.05 

1 

12 

1 

0.0041667 ^ 

0.08333 

1 

64 798918 milligrams = 

0.064798918 gram 

1.555174 grams 

31.103481 grams 

373 24177 grams 


1 troy pound or 0.822857 avoirdupois pound - 13.1657 avoirdupois ounces 

1 carat (1877) -3.168 grams = 205.6 milligrams 
1 troy ounce = 1.09712 avoirdupois ounces 

1 troy pound = 0.00036735 long ton = 0.00041 143 short ton - 0.00037324 metric ton 


APOTHECARIES* WEIGHT 


Grains 

Scruples 

! Drams 

Ounces * 

Pounds 


_ _ 

(gr.) ' 

O or s. ap.) 

1 (5 or dr. ap.) | (3 or oz. ap.) i 

(lb. ap.) I 

Metric Equivalents 

1 1 

0.05000 

0.016667 

, 0.0020833 


64.798018 milligram 

20 1 

1 

0.3333 

1 0.041667 

0.003472 

1.2959784 grams 

60 1 

3 

1 

0.12500 

0.010416 

3.8879351 grams 

4S0 

24 

8 

1 

0.08333 

31 103481 grams 

S'H) 

288 

96 

12 

1 

373.24177 grams 




TIME 




Seconds 

Minutes 

Hours 

T 'n 


Ytfars 

(sec.) 

(min.) 

(hrs.) 

1 Days 


(yrs ) 


1 

0,016667 

0.00027778 





60 

1 

0.016667 

0.000490196 


3600 , 

60 

1 

0.041667 



86400 

1440 

24 

1 




• 365.242218 1 (common) 

365.256 I (sidereal) 

1 lunar month (mo.)^^day^2"' hr. 44 minT 1 sidereafsecond^O. 99727 mean solar second 


ANGLE 


Seconds 

(") 

' Minutes 

(') 

' Degrees 
(°) 

j Circumference 

! 

1 

0.016667 

1 0.00027778 

1 

27r radians = 360 = circumference 

60 

1 

1 0.016667 

1 ^ 

TT radians - 180 

3600 

60 

1 1 

0.0027778 

2 radians - 90 

1,296,000 

12,600 

1 1 

360 

1 

^ radians 45 ' 


1 degree = 0.017453 radian 


I radian = sr XT 44.8" = 57.2958'’= 3437.75' = 20e26S"-.,^- of a circumference 

27r 

1 circumference = 100 centesimal minutes =0.0157079 radian 

I centesimal minute = 100 centesimal seconds 

SOLID ANGLE 

1 steradian ^ of the solid angle around a point. 
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WEIGHTS AND MEASURES 


When Queen Elizabeth ruled over England these were some of 
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HOW BIG IS IT? HOW HEAVY IS IT? 

Here Are All the Curious and Clever Ways That We Have Found 
to Weigh Things and to Measure Them 


V’^KRV one of us has tried hard to find 
out whuh of two stones was the 
lieavier by holding one of them out 
in cadi hand or liy holding both of them 
out in the same hand, one after the other. 
i\nd often we have found it pretty hard 
to tell. 

Long ago our forefathers had no better 
w’ay than this of timiing out how heavv a 
thing was. In due time one of them must 
have hit ujuin the happy notion of balancing 
one stick across another, and of jilacing the 
two stones on the two ends of the stick. 
Then the stone that sank down would be 
the heavier, and the genius that did the trick 
would have invented the first rude pair of 
scales. 

From that early day down to our own 
time we have gone on inventing hundreds 
and thousands of methods to weigh things 
and to measure things —for at bottom, as 
we are going to see, weighing and measuring 
are the same thing. And to this day wc still 
have many different ways of weighing and 
measuring, in different countries or even in 
various parts of the same country. There 


are so many of them that they are often 
confusing, and all but one of them are im- 
perfect. For we have found out only one 
perfect system of w^eights and measures, as 
we ^hall see. But first we may tell about 
a few i)f the curious systems that have 
grow n up in the past. 

Of course the weight of a thing is merely 
the |)ull of giavity from the earth upon it. 
But long bel'vre men knew’ anything about 
gravity they had invented very good bal- 
ances for telling how' much the pull was, or 
how’ mucli a thing weighed. All of that was 
(lone before the dawm of historv*. For when 
the curtain of history goes u]), we find that 
the Kgyptians already have good ways of 
w’cighing out supplies and other things— such 
as tribute money, for instance. They 
weighed articles by the ‘‘uten'’ and the *'kat'’ 
just as w’c weigh them by the pound or the 
ounce. 

But every other nation had its own weights 
and measures, often of many kinds, and the 
situation might be very puzzling for a trav- 
eler or trader. To be sure, men had nearly 
always begun measuring things in about the 




Automatic scales are better 
than beam scales or steel- 
yards, for they use a self- 
operating means of balanc- 
ing the load on the scale 
platform. It is not necessary 
to add weights and move 
poises by hand until a load 
is bidanced; an automatic 
counterbalancing scale oper- 
ates the instant a load is 
applied to it, and moves a 
pointer which indicates the 
weight on a graduated dial. 

In the scale illustrated 
here, the counterbalancing 
mechanism, shown at the top 
of the page, consists of two 
**pendulttm assemblies.*’ In 
each of these the pendulum 
is part of a set of accurately 
made and carefully adjusted 
cams — devices shaped in 
such a way as to give, when 
they are moved, a peculiar 
motion to a mechanism with 
which they are in 
conUct. The cams 
are so designed that 
the two pendulum 
assemblies are sus- 
pended on steel rib- 
bons with the iMn- 
dulums hanging 
straight down while 
the scale is at zero. 

When a load is 
applied to the scale, 
a lever system —to 
be referred to later - 
conveys the down- 
ward force to two 
steel ribbons attach- 
ed to the two sets of 
cams. As the pull is 
applied to these rib- 
bons the cams turn, 
swinging the pen- 
dulums outward and 
upward until the load 

is counterbalanced by the pendulums -see the 
center illustration. As the pendulums rise to 
counterbalance the load, a rack, or straight 
rod with carefully cut teeth, turns a pinion, or 
small wheel geared to a larger wheel. The 
pinion is fastened to the weight indicator, or 
pointer. So as the pendulums rise the pointer 
moves on the dial t^ it comes to rest at the 
figure which indicates the weight of the object 
being weighed on the scales. 
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The center illustration 
shows how the pendulum 
mechanism can be compared 
with a beam scale. This 
picture shows five separate 
weighings on an automatic 
scale, and compares the 
pendulum motion with the 
positioning of poises on 
beams. As a load is applied 
to the scale, the pendu- 
lums swing out to balance 
the load. This action cor- 
responds to the moving of 
poises by hand on a beam 
scale. The heavier the 
load on the scale the far- 
ther the pendulum swings 
out. 

This same counterbalanc- 
ing mechanism is used on 
automatic dial scales of all 
sizes, from models having 
a capacity of 30 pounds to 
motor-truck scales having a 
capacity of 30 tons. The 
main difference in 
the scales themselves 
is in the lever system 
which reduces the 
downward push of 
the load on the scale 
platform to a smaller 
force that can be 
more easily and accu- 
rately measured by 
the sensitive coun- 
terbalancing mecha- 
nism. The cut at 
the bottom of the 
page shows a motor- 
truck scale with the 
pit cut away to re- 
veal a portioqjDf the 
lever system. On 
scales of lower capac- 
ity this lever system 
is smaller in propor- 
tion to the capacity 
of the scale. A scale 
of this sort is very accurate 
and very reliable. There is little 
in it to get out of order, and 
worn parts can be easily re- 
placed. It can work just as ac- 
curately when it is out of level as 
when it is level — a great advan- 
tage, since no floor is perfectly 
level and emplacements sag 
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WEIGHTS AND MEASURES 
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Two thousand years before the birth of Christ people 
were buying and selling down in Egypt, and keeping 
elaborate accounts. We have been able to learn from 
wall decorations a great deal about the life they led 

samp way — by comparing ihtMii with j)arts 
of their own bodies. Unis they very often 
measured by the “foot/’ as we do still, 
though wc now call it exactly twelve inches. 
So they frcciuenlly u.^ed the “pace/’ and 
our own word “mile” comes from the Latin 
term for a thousand paces— “mille ])assuum” 
— though that was really two thousand of 
our paces, because a pace was one step with 
each foot. For other measures they took 
other parts of the body. I'hus a cubit was 
the distance from the elbow to the end of 
the middle linger, and a span was that from 
the end of the thumb to the end of the little 
finger when the hand was sj)read out. And 
men also measured by the “linger,” or the 
finger “nail,” or the “palm” or “hand.” To 
tliis very day we always say that a horse is 
so many “hands” high — though a hand now 
means four inches. 



and how they did things, and we know that they 
weighed their goods in scales like the ones in this tem- 
ple. Here, using weights cast in the form of animals, 
like those in the foreground, a slave is weighing gold. 

At the very start thc.se measures were far 
from accurate, because the feet and hands of 
different men were of such different sizes. 
A big man always got the best of the bargain. 
But this trouble was .soon gone. For all the 
men soon agreed that a stick of a certain 
length, or later a metal rcxl, should be a foot, 
another one a pace, and so on. These sticks 
or rods then became the units of measure for 
everybody; and thus they have come right 
down to our day, though we still call some 
of them by the names of parts of our own 
bodies. 

Why We Write “Lb.” for Pound 

Of course any unit of measure that was 
agreed upon would do well enough for all 
those who used it. But there were so many 
units in the different lands, or even in the 
same land, that at the time when the Roman 
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empire drew all the lands together, the con- upon another. And that is why we arc still 
dition of weights and measures was a very weighing them in different scales to-day — 
perplexing one. So the Romans settled on a with the result that an ounce of gold is by 
single set of units which would hold good for no means the same weight as an ounce of 
the whole empire — that is, all over the ci\d- salt or sugar, 
lized world. They made a certain weight ^ ^ 

which they called a “libra,” or “pound"— ^®®® 

that is why we still write lb. for ‘‘pound’* Little by little, however, i)eople began to 
— and a certain bronze rod which they called bring order out of this chaos, though often 
a “pes,” or “foot.” These they kept care- in rather curious ways — and some of the 
fully guarded in a Roman temple, and these curious ways have come 

were the standard pound an<I foot O straight down to us. When 

for all the Roman state. For the \ a certain place was a great 

first time all the civi- I V trading center, its unit of 

lized world had a single | ■ L . ■■ ■ ■ weight and measure was 

w'ay to weigh and i likely to be followed by 

measure. ; I^eofJe for some dis- 

But the Roman em- I , I \ f', tance around it. Such a 

pire went to ruin, and / • P \ Troyes, in 

the single way went j « | 1 \ W M France, and its unit, of 

with it. In the Middle / ' | j iVr:' Troy weight, has come 

/Vges people went back \ M \ // \ down to our time as the 

to hundreds of different / I Il k // \ standard of the jewel- 

ways of weighing and ■jW mtK / I \ ers. For all England a 

measuring, such as they / / \ yard was fixed as the 

had had in older days. ^ A distance from the nose 

And we have never r»-to h> m 

mauagedtoget back to -0“^ Henry I. You may 

any single way since, Here is a Roman balance and steelyard from the have seen your mother 

for we still weich and sl^^lysrd, at the right, is a balance nipomji-p q ^vf .-.Lxf ]■» 

iur wc &L 1 U wcigu aiui ^ which the two arms are not of the same length, “^c^^nre a jnccc or cioin 

measure very different- The article to be weighed is hung on the shorter the same wa^wlien she 

ly in America, in Eng- no yanlstick at 

land, and in the rest of off into a graduated scale, do that Oie weight may hand. And in England 
Europe. If you asked * accurately. parliament settled 

for a “kilo” of beefsteak in Paris, have you certain measures of weight and length bv so 






measure very different- 
ly in America, in Eng- 


any notion how much you would get? 

When a Pound Was Not a Pound 

During the Middle Ages, when every little 
district had its own units of weight and 
measure, there were a good many strange 
results. In one place a pound might be 
some thirteen ounces, in another perhaps 
twenty-four. In one country a foot might 
be twice as long as in another. On the land 
a mile might be shorter than on the sea, as 
it still is to this day. And to tell of only 
one other confusion, a given kind of thing 
might be weighed in one sort of scale, and 
another thing in another sort. Thus gold 
and certain costly things were weighed on 
one scale, but meat and other cheaper things 


the parliament settled 
certain measures of weight and length by so 
many grains of wheat and barley. Thirty- 
two grains of wheat made one pennyweight, 
and three barleycorns laid in a row made 
an inch. Our way of numbering the sizes 
of shoes to-day goes back to the rude old 
method of measuring by barleycorns. 

What an English “Stone** Weighs 

There were many other kinds of measures 
in England. When a man stretched out his 
arms on both sides, the distance from finger 
tip to finger tip made a “fathom.” And the 
sailor still measures the depth of the sea in 
fathoms, though a fathom is now always six 
feet. Then there was the “ell” for measuring 
cloth — the name came from the word for 
“elbow,” but the measure was forty-five 
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inches long in England, though of various 
other lengths in other countries. For only 
one more instance, there was the “stone,^’ 
which is still used in England for weighing 
men and horses. For in England to-day no 
one would ever say a man weigher I i6o 
]:>ounds, but ii stone, 6 — a 
“stone’* being fourteen pounds. 

And when it came to 
measuring liquids in old 
England, matters were 
still worse. Inhere were 
some eight or ten 
measuring vessels to 
choose from. Of 

those only the gallon ^ 

is left to-day, with its 

there are two kinds vTAjHI*' 

one holds ten pounds of 
ANater, while diCiinuri- 
can one, since 1707, has 
held only eight. And like- 
wise there are t\No kinds of * v, 

ton, one ^velghing 2,000 
pounds and the other the w , 

long ton- \\eighmg2,240. a fish peddler like 




riioto t.\ \N d T \\irs 1 1 i 


or 5,280 feet — and three miles make a 
league. What a lot of figures to remem- 
ber. 

So much for mea.suring distance. In meas- 
uring area wc are no better. It takes 144 
square inches to make a square foot, 9 scjuare 
feet make a square yard, 30^^ 
sriuare yards make a square rod, 
i6osr|uare rods make an acre, 
, ^ |k and 640 acres make a 

In solid measure 1,728 
^ cubic inches make a 

measure, 2 pints 

bushel. In liquid mea- 
sure 4 gills fjil) make a 

‘ a gallon, 31 g^dlons make a 

barrel, and 2 barrels make a 
r \vy> III h()g‘^head. 

nrlATt.1 m vrAAv Baa ^ 


k, ‘I* If you had lived in England in the year 800, ,,, „ , 

long ton- \\i'ighing-’,J40. , fish peddler Uke this one would have lo cai> it all, wc have two 

Now if this UM'il to be the «®“* to your door and weighed out his of weight. In Troy 

state of things in hngland, in his hand. It had no movable weights; weight, as used 1 )}' the 
we ran imagine the confu- u«k‘’i[„d“orth!lSd on“^^^^ jeweler, 24 grains make a 

sion all over the rc'^t of spaces were marked off by nails driven pennyweight, 20 penny- 

Ivuropc, willi eacli country iould*‘be''jSdged^b^airiumb« wcighl.s make an ounce, and 

using its own svslem or between the end of the beam on which the 12 ounces, make a pound. 

systems of W'eighls and held in order to keep the beam Eut in avoirtlupois (dv er- 

measures. We have talked straight, du-poi//), as used by the 

mainly about the English ones liecause our grocer and others, 437^2 grains make an 


measures. We have talked stra 

mainly about the English ones liecause our 
own have all come down, with some slight 
differences, from them. Our own weights and 
measures are still very curious and irregular. 
They still have many features of the confu- 
sion that has come straight down from the 
. Middle Ages. A few' examples, knowm to 
everyone, will show the fact. 

How We Weigh and Measure 

Thus twelve inches make a foot, three feet 
make a yard. Jive and a half yards make a 
. rod, forty rods make a furlong, and eigld 
furlongs make a mile — which is 1,760 yards 


ounce, 16 ounces make a pound, and 2,000 
pounds make a ton- -unless it is a “long" 
ton! And then the apothecary (a-p6th'e-ka- 
rl), or druggist, uses a kind of w'cight that 
is still a little different. 

How We Count Our Money 

Now' we learn all this in school, and then 
nearly all of us forget a good deal of it. 
But nobody ever forgets that ten mills make 
one cent, ten cents make one dime, ten dimes 
make one dollar, and ten dollars make one 
eagle. The reason is merely that our coinage 
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is regular, while our weights ami measures 
arc still highly irregular. There is no rule 
at all about them. 

The Only Perfect Way to Measure 

Nearly a hundred and fifty years ago the 
king of France decided to havT one rule for 
them all. He chose a committee of French 
scientists to make the rule; and because he 
wanted a single rule for all the world, he 
invited the other na- 
tions to send their 
scientists loo. 

And they might all 
hav'e come together and 
agreed but for one 
trouble. At that mo- 
ment the French Revo- 
lution broke out. In a 
short lime there was no 
king left in France, and 
it was none too safe for 
scientists to go there 
Yet the French scien- 
tists went on with their 
work as best they could, 
and in due time they 
m .de up one single rule 
for all weights and meas- 
ures. It is the one per- 
fect system that we 
mentioned a while ago, 
the only one the world 
has ever seen. 

It was no easy thing to make, as we shall 
see if we think about it just a moment. 
The scientists had to find a single unit by 
which they could measure every kind of 
thing in the world, and also weigh every 
kind of thing. It had to be a unit to meas- 
ure the length of a line across a room or 
across a city, around a tree or around 
the earth, or from the earth to the North 
Star. With thi.s same unit they must also 
measure the area of a city lot, or of the lanrl 
of France; and with it they must furthermore 
measure the volume of any object — a pebble 
or a mountain, a pail of water or a lake or 
ocean. 

And with this same unit, finally, they must 
be able to weigh everything in the universe — 
from salt and sugar to the sun and moon. 


Now how could they find one unit in which 
to tell the distance to the moon, the area of 
the moon, the volume of the moon, and even 
the weight of the moon? When we have 
answered that, we shall see that measuring 
and weigliing, as we said before, are really 
the same thing. 

But before we answer w^e must face one 
other trouble. The ver}'^ unit that we use, 
whatever it is, uill never stay exactly the 
same. A metal yardstick 
is a little longer, as 
cveryl)0(ly knows, in the 
sunshine th.in in the 
shade, in any warm 
]>la(e than in any cold 
l)lace because “hc‘at 
e\])ands and cold c'on- 
tiacls.” Anylhing that 
weighs a ])oiind at the 
F(jualor will weigh a 
little more as we take it 
noilh or south; for since 
the cMrth is ilaltened 
lowaid the poles, the 
thing will be a little 
lUMier t(» the center of 
the eailh, whiili will 
therelore pull a little 
hard(*r on it For the* 
same reason, it w’ill 
weigh a bit more at the 
^e.i^hore than on a 
mountain. And it will 
even be a little smaller, e^[)ccially if it is a 
soft thing, at the seashore; bc'causc the prc's- 
sure of the atmosjdicTe is greater there, to 
press it together, l^erybody knows llial 
water gets bigger when it freezes, for it 
bursts the strongest pipes in the house. So 
once w’e have decided on our single unit, we 
have to find some w^ay to kcTp it from 
changing size and weight right under our 
eyes. 

All of these troubles the scientists mas- 
tered. Let us sec how they did it. 

What Is a Meter? 

First they took the distance from the 
North Pole to the Equator, on a line running 
through Paris. Then they divided this into 
ten million parts. One of these parts they 



The famous London Stone rested behind this iron 
grill in the wall of St. Swithin's church in London 
for many years until the church was bombed in 
World War II. This waff the stone the Romans 
are supposed to have used as a center from which 
to measure distances when they ruled Britain. 
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called a meter, or ‘‘measure”; and this meter, 
which would always hi the same, became 
their unit. I'he meter is a little longer than 
our yard; it is 30.37 of our inches. 

For .shortcT measurements they divided 
the meter by tens— or used the decimal sys- 
tem, so easy to remember in our coinage. 
Every meter has ten decimeters, a hurulred 
centimeters, a thousand millimeters. For 
longer things they multiplied the meter by 
tens. Ten 

t 

meters made* 
adekameter, fl'f 
a hundred 
meters made 
a h e c t o - u[||B nT^ 
meter, and a 

meters made * it ' 

a kilometer. ^ 

W h e 11 e V e r 

they divided I 

they did it in rJi 
Latin, and t ,1^ ^ 
w h e n e‘ \ e r ... 

they multiplied, to make il « ! I . I 
things easier tiny did it in 
CIreek. 'I hus “millimeter” 
is l.,atin for “a ihousandlli 
of a meter,” while “kilo- 
meter” is Greek for “a 
thousand meters” — or .621 
mile — and so on with the 1 
other terms. 

Next it was easy, of course, 
to use this same meter for square 

. I f I • 1‘hiMi.fl li> >\ 

surface, or area, and for cubic „ 

i ; , * 1 . r an( 

contents, or volume. .\ slarl of being weighc 

j)apcr w^ould simply be so many ^°"^®ghtVenl 

square decimeters, and the whole 

country of I'rance so many scjuarc kilometers; 

a pebble w^ould be so many cubic decimeters, 

and the moon so many cubic kilometers. 

Then instead of pints and ]X'cks they made 
a measure, for liejuids especially, out of the 
same system. They took a cubic vessel 
exactly ten centimeters on each side, or a 
thousand cubic centimeters in volume. The 
amount of water that this vessel would hold 
was the unit. This they called a liter (Ic'ter). 
So one thousand cubic centimeters of water 
made a liter — about one quart. And this 


I*hiilifP li> >\ r \\rr>.lul 

Here gold and silver plate is 
being weighed in a shop in 
London at the end of the 
eighteenth century. 


they divided by tens into deciliters, centili- 
ters, millimeters; and multiplied by tens into 
dekaliters, hectoliters, and kiloliters — words 
which explain themselves. 

But these are all measures. Where do the 
weights come in? Well, they took the weight 
of one cubic centimeter of water when water 
is at its heaviest — just before it freezes, or 
at 4 Ontigrade— and made that the unit. 
They called it a gram. So one cubic centi- 
meter of water at this temperature 
w eighs a gram, or .002 pounds. Then 
they divided the gram into deci- 
grams, centigrams, and milligrams. 

The picture at the ^nd multiplied it in- 
left was based on to dekagrams, hec- 
a scene in a fif- . ■ 1 .1 

teenth century tograms, and kllo- 
window of stained grams, 
glass in the cathe- ^ . 

drai at Toumai. Such are the main 

about the svs- 
pair of scales in 1 • 1 ' 1 

use in a French tem w'hich rrench 

warehouse. science gave the 

w'orld in 1791. It is 
the famous “met- 
ric system” — the 
f *! " only scientif- 

ic way of 
measuring 
and w^cighing 
that the 
w’orld has 
ever had. 
Starting with 
the distance 
from the North 
Pole to the Equator, it 

M • Kiive us one invariable unit for 

silver plate is ® . , . , . , . 

in a shop in measuringandw’eighing any thing 

fcenuiry^ ^ pinhead to a mountain — 

anti even things far smaller and 
far larger. Vet it is so simple that anybody 
who can mulliply by ten can learn it in five 
minutes and remember it forever. 

It is now' used in nearly every civilized 
ctmntry in the w'orld except England and 
America. Even in these lands the scientists 
always employ it, and certain business men 
are trying to introduce it, for it is vastly 
more convenient and so would save time 
and money. Some day we shall surely come 
to it; but “the march of the human mind,” 
as Edmund Burke said, “is slow.” 
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ALL THE WAYS OF KEEPING WARM 

Note: For bask information For statistical and current facts, 
not found on this page, consult consult the Richards Year Hook 
the general Index, Vol. 15. Index. 

Interesting Facts Explained 

How the rave men kept warm, IIow Benjamin Franklin made 
10 379-80 the first real stove, 10 ^8i 

Why builders left a hole in the The furnace Koes to the cellar, 
roof or the wall of a house. 10- lo 381-83 
380 IIow central heating works, 10 

When the first chimneys were 382, 384 
built, 10-380 Why air should be kept fresh, 10 

How rooms are heated in the Old 384-85 
World, 10-381 

Things to Think About 

What is the main trouble with the heat from the fires in the fire- 
hot-air system? places? 

Why do we use thermostats? Why is electric heating for our 

What happens to most of the homes not more iiopiilar? 

Picture Hunt 

How does a hot-air heating sys- How is steam used for heating 
tern warm a building? 10-383 our houses? 10 382. 384 

Related Material 

What makes molecules dance? How does a gas water-heater 
i-379-8fi, 388, 395 work? 1-476-77 

What happens to the heated air Xame .some electric heating de- 
in our rooms? 1-398 vices that are used in our 

What physical process gives us homes, i 523 

the energy we need? 2-334 What substances are most com- 
How can we prevent heat from monly u.sed for fuel? i 384 
leaving our rooms? 1-396, 4 - 
320 

Leisure-time A ctivities 

PROJECT NO. i; Make a PROJECT NO. 2: Build a model 

model of an early fireplace, 10 - of a hot-air heating system, 10- 

380-81 383 

Summary Statement 

Our ancestors could not live in live in comfort almost anywhere 

many parts of the earth because because we have learned how to 

of the intense cold, but we can heat our buildings. 
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Photo by Fiehl Muiifiim 

The home of these simple cave men was the place saber>toothed tiger, he then fled to the shelter of hia 
where they built their fire. The father might roam at cave. But even here the cave bear might hunt him 
will in the warm sunshine, hunting deer or bison. out, and besides, the rock was damp and cold. So he 
But at nightfall the world grew cold. Clad only in a built a fire to scare the wild beasts away and give him 
few skins and at the mercy of his deadly enemy the a little warmth— and even more smoke! 

ALL the WAYS of KEEPING WARM 

From a Bonfire for a Few Persons, We Have Come to a Furnace 
for Many Thousands. But How Warm Do You Think 

You Ought to Be? 

once a time ivhen we had of llic various ways that we have found of 

no heat at all except what the sun keeping warm, and so of spreading all over 

LmiJJ sent down to us, for we knew no way the earth. 

of making any oilier kind. In that day The first heat we made came from an 
there were many parts of the earth on o[>en blaze on the ground, as has been told 
which we could not live, and even where in our stoiy' about fire. For many a century 
we could live it was often much loo warm that was the only kind of heat we knew how 

in daytime and in summer, and pretty chilly to make; and it is still a very pleasant way 

in the night or during winter. to keep \varm at certain times, as on a chilly 

Now we have learned how to keep warm night when we are camping out. 
enough to live almost anywhere in the But long ago we stopped living out of 
world. For that reason we can live in far doors. When w^e were still dwelling in caves, 
more different places than any other large we used to have a big fire at the mouth of 
animal can survive in. And this is the story our cave at night. Besides keeping off the 
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into the cave, where 
it would do the most 
good, because w^e ' 
should have choked 
with the smoke. 

Then w^hen we 
started living in a house 
of one sort or another, we 
had no way to heat it but 

to bum a fire mside it. So PhotiM Ity I<, M, a S. Hy.. Metropolitan Museum of 

w^hat about the smoke? Well, 

we did the best we could about it. We left a to choose between 
big hole in the roof or in the wall for the choked with smoki 
smoke to get out. Then about the year i too With a chimney 
A.O., when the first chimney came into use, finally be fairly c( 
we got something better. We no longer IukI had to have a se| 


which covered the walls 
kept out only part of the 
drafts; and often there 
was no glass in the win- 
dows, since glass was so 
rare and valuable in the 
early days that the lords 
who owned it took it with 
them from castle to castle 
wherever they moved. 


to choose between freezing rooms and rooms 
choked with smoke from a fireplace. 

With a chimney over the fireplace we could 
finally be fairly comfortable. Of course* we 
had to have a separate fire in e\'ery room, 



from eiiillp I). 0«>nfJrriiii 

TJlis wonderful old kitchen fireplace is in Sulgrave after chimneys began to be common. To celebrate one 

Manor house, the home of George Washington’s Eng- hundred years of peace between Britain and America, 

lish ancestors. The house may have been built soon the houstp was bought in 1914 and made into a shrine. 
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and it took a good deal of work to keep the 
fires going. They were more likely t(» set 
our house ablate. And at l)est we lost most 
of the heat we made, for more than three- 
quarters of it went up the ehimney. 

In the Old World to this day most of the 
rooms are 
heated by 
a fireplace 
or grate. 

That is 
the most 
cheerful 
way t o 
warm a 
room. So 
in America 
we oft#m 
have fire- 
places 
simi)ly for 
their 
cheer. 

E V e n 

when we gel our A'r''''*” 

heat fiom the fireplace 

steam radiator, “bove was a ■.r > 

, , real neces&ity to •""■I 

\\e love to watch the housewife f 

the hla/e an<l | 

the glowing sides furnishing 

c oals, j ust as our {;*„*•, „ ft* | 

fathers used to only place I 

1 1 where she could I 

flo long ago. cooji the family ^ 0 k I 

Til ree-(j liar- the ^ I 

* lanir nf faeniAti ^ 



He made the first real stove. So it is less 
than two centuries since we have had stoves, 
and for a long time they were called “Frank- 
lins.” 

Now with a stove we saved far more of 
the heat we made, and had it in the middle 
of the room, warming all the 
parts about equally. We could 
^ sit all around il. Many a 
1 reader of these words is toast- 
ing his toes by a stove as he 
runs through them, but still 
a stove may be an ugly thing, 
and a rather dirt> thing; ami 
it is always in the way, right 
in the center of the family. 
We also have to have a stove 
in ever}' room — and what a 
job to get out the ashes and 
start a new fire in the 
® morning when your 

lingers arc blue with 


j j j j 

ran to all the rooms in 
the house. After that, we had only one 
fire to keep going, and it w^as out of the 
way. It was a big fire and would go all night 
long; once it liad been started in the autumn, 
it need never be kindled again all winter; and 
it w’ould heat all the rooms more evenly 
than the old stoves upstairs. It w'ould get 


1 1 where she could I 

flo long ago. cooji uie family ^ 0 k I 

'riiree-cjuar- But the ^ I 

. ^ lady of fashion 

tcis n[ our heat below thought m 

k o 1 ) t ir () i n jr ot her fireplace ■ 

Kcpi 1,01 ng only as a cheer- 

Straight up the ful place around 

rliimnpv '^hich to group 

cnimnc}. Could her friends when 

W'C somehow they came to call. 
move the fire 

away from the chimney, into the 
middle of the room, and save most of 
the heat? Yes, but there would lx* the 
smoke again, but maybe we could jiut 
up a sort of pipe to carry tlic smoke oxer to 
the chimney without carrying nearly all 
the heat too. Suppose xve build a sort of 
box for our fire in the middle of the room — 
e can make it out of iron— and run a pi}>e 
from the box to the chimney? 

It took a big man to hjive an idea like 
that, and Benjamin Franklin was the man. 
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good fresh air through a l)ig [)i|)e from out- of heating arc known as central heating 

doors, heat it, and send it on up to us; for systems. 

hot air has to rise, as we all know. But how can the boiler be very far away^ 

Weil, it is far enough when we are heating 
The Furnace Goes to the Cellar ^ building seventy -five stories high. But 

So now we have a furnace. And many is often it is very much farther. For as soon 

the house to-day, in many a land, that is as we got well used to healing all the 

warmed by a furnace in ihc cellar tu» te • modem oU-buming furnace. ^ with 

sending up hot air through a As the water is heated, it rises and turns one lire, we bejran to 

register in each room. pipes to warm the various rooms in the think ol heating all the 


register in each room. pipes to wa 

Now if hot air must rise, so 

, , , ’ built for th< 

must hot water, and so must clever invei 

\uiter or to make^ steam STtAM 

^h^^^ f^* 

.some hot water, and in 
others steam. But steam is by far the best 
in large buildings. It is found in nearly all 
of them to-day. 


built for the same purpose. How these 
clever inventions would make the cave 
man stare 1 

Photo by Amenran Radiator Co 






How Central Heating Works 

There are several systems for carrying the 
steam through a house, but they are all 
alike in principle. The steam comes up 
through a pipe into the radiators. As it 
cools, it turns into water again. Then it 
goes down the same pipe, or another one, 
to be made into steam once more — unless 
the boiler is very far away, when it may 
be better to save piping by running the re- 
turning water into the sewer and using a fresh 
supply for the next steam. These methods 


ouse. Coal-buming furnaces are also houses of a group in the 
lUilt for the same purpose. How these ^ 1 

lever inventions would make the cave o '>am(‘ wav all 

manstor.1 O the different 

I l,i,il<|ings of a 

• ” J I Q grc.il mill, for 

STtAM iS STEAM instance, or of a 

large uni\ersity. 

hea 

of a 

from .1 single .enter.'* 

' I \\\. began to ilo that 
'||h '' HHR in Lockpott, \. 

diid MiKo then 

y 1 ^ ^ ^ ^ ^ ^ ^ 

sprung up in Ameriian 
cities to supply heat to 
all who want it in a 
(listricl. In this 
single 

heat thou- 

sand 
many 

man\ advantages 
suih a system. The 
the best fire and smoke and ashes are hidden away 
learly all where no one sees them. The steam (omes 
under the ground in jfipes that may be a 
mile long. It rises lo our home or ofiice 
® just iis the gas and water do. And w'e turn 

■ying the on the heat as easily as wc turn on a light 
are all while a little meter keeps a record of how 
)mes up much we use and must pay for. We may 
. As it even cook with the steam if we like.^ 

Then it The pipes that bring the steam so far have 
her one, to be carefully laid. As we know, every- 
! — unless thing gets bigger, or ex[)ands, as it gets 
it may warmer. A hundred feet of pipe with 
; the rc- steam in it would crumi)le up unless there 
g a fresh were zoom for it to lengthen. So we have • 
methods to make in the pipes neat expansion joints 
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If you have read about the winds and air currents, goes through the process all over again. Men, in 

you will remember that the air which has been heated heating their houses with a hot-air system, are follow- 

in the warm regions around the Equator rises and ing Nature’s example. Air pipes go through the fur- 
sweeps north and south toward the colder parts of the nace, which, like the equatonal regions, heats the air 
globe. Then as it cools, it sinks down again and so that it rises and passes through other pipes to the 

blows inward to the Equator, where it is reheated and rooms. Then, when the air cools, it flows down again. 
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that will let them grow longer or shorter 
without breaking up or losing the steam. 

Of course a heating system also supplies 
us with hot water an important item. 

Ami now we have come all the way from 
a bonfire on the open ground to a steam 
radiator that can bring us heat from a mile 
away. But still we have only one way to 
make the heat in the first place. We have 
to burn something. For many a century' 
wc never dreamed of burning anything but 
wo(k1. Then we fouml a coal fire to be hot- 
ter and more lasting. Now we burn a great 
deal of oil and gas. Gas may be natural or 
manufactured on other pages we tell how' it 
is made. Natural gas is sometimes piped 
thousands of miles to a city. 

So our i)rogress has been of two kinds — 
in finding more things to burn, and more 
ways to carry the heat where w'e wanted it. 
As we have turned it into steam, we can 
even turn it into gas or electricity if we 
want to. But it is pretty costly to heat a 
house w'ith electricity, though a small electric 
heater in a given reborn is often very useful. 
And it is bad to heat with gas unless the gas 
fire is in an open chimney. For burning gas, 
Ae any other burning thing, eats up the 
oxygen in the air; so we ought to send the 
bad air right up the chimney after using it, 
and let in good air instead. 

Air That Poisons Us 

Now that brings us to another point. 
When we used to sit around a bonfire, we 
had only one problem — to keep the air 
around us w'arm. As soon as w'e were living 
indoors, we had {wo — to keep it warm ancl 
to keep it clean at the same time. 

In an aif- tight room we might have heat 
enough to be snug and yet die in a little 
while for lack of oxygen. For every time 
we breathe we take some oxygen out of the 
air and put some carbon dioxide (dWk'sid) 
into it; and when this has gone far enough, 
the air will poison us. So the only way to 
keep living is to keep changing the air in 
our room, and the only way to be well and 
strong is to sec that it changes rapidly. 
For not only do our lungs need clean air 
to keep us from such dread disascs as 


tuberculosis; our skins need it even more. 
Have you ever seen a hot room full of people, 
all fidgeting because the air was so dry and 
stale? Do you remember how nice it felt 
to get outdoors again? That was because 
your skin, even more than your lungs, likes 
air that is fresh and moist and moving. 

In any room ten feet by twelve, with a 
single person in it, the air ought to be 
changed every hour. The more persons 
there are in it, the oftener the air should 
change. In public rooms that arc often 
crowded w'C have to devi.se s[)ecial systems 
for altering the air. In many places the 
law requires that some eighteen hundred 
cubic feet of fresh air shall be drawn into a 
schoolroom every hour for each pupil there. 

So WT cannot just shut up a room and heat 
it. That w'ould be sim[>le enough. We must 
leave it open, more or less, ami still heat it. 
We must air it, or ventilate it, as well as 
w^arm it. Every heating system should lake 
care of ventilation too. 

The fireplace and stove will do so pretty 
easily. They keep sending a lot of bad air 
up the chimney, and good air has to keep 
coming in through the cracks around the 
window's and the doors. The hot air system 
may give us fresh air, but not moist air. 
And hot w'ater and steam da nothing to 
change the air at all. The air in a steam- 
heated room is often very stale and very 
dry far drier than the air in the middle of 
a desert. 

What Is Winter Air Conditioning? 

Of course w'e can make the air in our home.s 
more lieallhful and more comfortable by just 
keejfing a window open or by putting a little 
pan of W'ater on the radiator to send its 
moist vapor into the air. But a mcjderii 
heating system can do much belter for us 
than that. It can provide ventilation, clean 
the air, and add moisture to it as well. Wc 
call this type of heating “winter air condi- 
tioning.” 

With winter air conditioning, as with most 
tyjMJS of heating systems to-day, we can keep 
the rooms in our houses always at the same 
temperature by means of a thermostat. 1'his 
is a ihermometcr that of itself turns the* 
heat on or off whenever the tem|x;rature 
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gets below or above a certain p»)int an<l we 
can set it at any given point beforehand. 
Since the thermostat can be placed in our 
living room or in any other convenient sfM)t 
in the house we need not see the furnace to 
control the temperature. More elaborate 
systems make it j)ossible for us to have dif- 
ferent temperatures in various parts of the 
house. I'he thermostat also can take care 
L)f the ventilation. 

In principle winter air conditioning is 
quite simple. When we need warmth in 
our home, air is drawn into' the heating unit 
through filters that clean the air, removing 
the (lust, dirt, and most of the germs that 
can cause colds and similar winter illnesses. 
Then the air is warmed, and an automatic 
humidifier (hu-mld^l-fi'er) adds just enough 
moisture to the air to keej) us comfortaide. 
The warm clean moist air then passes into 
each room, to provide s])ringtime weather 
in the house even on the coldest days. To 
kee])us wide-awake and alert, the air is always 
circulating in drauk.*»s motion and is replaced 
by fresh air as often as four or live times an 
hour. As a matter of fact when moisture is 
added to the air we can l)e comfortable at 
lower, more healthful temperatures. 

Shut the Door to the Basement! 

Not long ago heating ecjuipment was de- 
signe<l merely to heat our homes. Nothing 
was done to make it attractive to look at. 
In fact, by ]>resenl-day standards much of 
it was ugly. Furnaces and boilers were in- 
stalled in dark, dirty 1 )a semen ts that were 
used only as storerooms. Radiators were 
large and elaborately decorat e<l and took 
up a great <leal (>f space. Most heating 
equipment was a good deal of an eyesore. 
We endured it only because wc wantc<l to he 
comfortable. 

Hut now all that is changed. In order 
that our homes may be more attractive, 
radiators, boilers, and winter air conditioners 
are more colorful and smartly designed than 
we should have imagined possible a few years 
ago. We can now play games or have a 
'‘‘mail workshop in a cheerful basement rec- 
reation room that the whole family enjoys. 
. For brightly colored jackets on boilers and 
winter air conditioners lend an air of gaycty 


to cellars that used to be ugly and forbid- 
ding. 'J'he basement is now one of the 
merriest rooms in the house. Upstairs, 
stream-lined radiators fit unobtrusively into 
the other rooms. 

No Basements or Radiators 

Many modern houses have no basement at 
all. Instead we are likely to find the central 
heater in a tiny utility room. Or it may be 
in the kitchen, fitting in along with the 
kitchen stove and other kitchen equipment 
and making an e.xtra wrirk table while it 
])rovides heat for the building. 

Nor is it any longer uncommon to find 
homes with central heating but without ra- 
diators and registers altogether. Pipes buried 
in the tloors r^r mounted in panels in the walls 
carry hot water, .steam, or hot air, and warm 
the house with radiant heat. People are .^aid 
to feel more comfortable at lower tem^KTa- 
tures in a hou>*e with the heat in the iloors 
and walls than in houses otherwise heatetl. 

Heating without Fuel 

Progress in finding new methcKis of heating 
our homes is made all the lime. Solar houses, 
esjiecially constructed to make use of the 
sun’s heat, are po>sible e\en in cool or mod- 
erate climates. It is also possible to heat 
homes with the sun’s heal that is stored in 
the earth or in the water of a well, 'fhis 
kiiKl of heating makes use of a heat pump, 
run 1)\ electricity. The system works on 
much the same principle as the electric re- 
frigerator. A pipe is run into the earth or 
into the wtII. riien a liquid refrigerant is 
circulated through it, taking the heal from 
the earth or water and carrying it into the 
house, where the liquid is put under great 
pressure and so made hotter. .As it passes 
through pi|)es it warms the air around them 
and, in turn, heats the house. 

A turn of the switch will reverse this sys- 
tem and provide cool air for a house in sum- 
mer. Hut other systems for winter healing 
mav l>e made to cool tlie air and make it clean 
an<i germ-proof in summer. Many buildings 
have cooling systems or air conditioners that 
are ejuite separate from the heating plant. 
Merely forcing the air over cool water will 
make a house more comfortable. 
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J'liiMo !■> AIunpihu 

Gathered around the blaze in front of the cave, our behind the shadows? And if the fires of a volcano 
early forefathers tried to fight off the fears that always lighted up the clouds with a ruddy glare, that strange, 
came with mghtfall. Who knew what dangers lurked weird light was only the more terrifying. 

HOW WE TURN NIGHT into DAY 

AH the Ways of Making Light from the Cave Man’s 
Torch to Our Own Electric Sunbursts 

0 AVE you ever been out in the woods To-day we can push a button and light 
on a really black night —when there up a whole city. We can even play tennis 
was no moon and when even the stars or baseball at night. And this is the story 
were hidden under thick tlouds? If so, you of all the ways we have found to make light 
know^ just w^hat it is to be blind and not to down through the ages. We wanted light 
see a tree right in front of you or your own so that we need never feel afraid again, and 
hand before your face. so that we might work or play at night as 

Now there was a time when all our fore- wdl as in the ilaytime. 
fathers were just as blind as that on a black 

night. They had no way to make any sort Very First Light 

of light, and when tlie moon and stars failed. Very long ago w^e found out how to make 
they could only do their best to sleep through a lire, as has been told in another story, 
until sunrise. Hut it w^as not ver>' co/y for As soon as we had fire w'e could have a light 
them, since they might wake up any mo- at night; and after that wt could sit by the 
ment to find a wild beast at their throats, fire at the mouth of our cave and watch the 
No wonder some of us are still afraid of the green eyes of some lieast who did not quite 
dark! dare to spring upon us for fear of the blaze. 
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Of course tlie fire threw a little light into 
the cave. But pretty soon ^^e found that 
we could carry a blazing stick back into the 
cave and see still better there. To this very 
day, in the caves of France and Spain where 
men used to sleep 

sand years ago, w^c can ^ 

see holes in the ^ 

Soot that co\<.rcd the 

w'alls of the cavern. Hp 

Soon we found a ^ ^Lm 

thing that gave a bet- ^ 

ter light than a blazing 

certain kinds of grease will a 

''urn longer and more steadiK ^ m t- t ^ 
than a stick of Avood. We r«>UoIiT«n Mura> 1 ||mL 
found out that the best way Namuaj"^ mu-* 11^ 
was not to light the grease, 
which W’-ould just spit and sputter, ' 
but to put some sort of wick in it when Shakes 
and light the w ick. So wc poured friends had 
the grease into the skull of a boar JSrrfeT a*hS 
or a deer, and stuck in a w ick. In 
those same caves have been found candle inside 
skulls that were used in this way. JjfhwnseUnt 
I'hey were the first lamps ever the Ught, an( 
known “lanthorn”; b 

Now the strange thing is that At the right is 
they were really the only kind of SS^gTJfJdpare 
lamp we had until a century and gathere 

d half ago! cause of man] 

Of course they were greatly burned c 
improved. We did not go on * 

using skulls forever, but made lamps out of 
.stone or metal or various kinds of pottery. 
We made them larger and often more beau- 
tiful “SO beautiful that some of the lamps 
from the time of Greece and Rome and from 
ancient China are treasures to own in our 


day. But straight dowm through the days 
of Greece and Rome, and e\'en up to the 

time of the 

those little old lamps and American Revo- 
lanternsl The Roman lamp lutioil, we had no 
at the top burned oU by i . 

means of a wick stuck into uUnp that was 
the smaller hole, at the left, really different in 
There was nothing to keep a , . ; . , 

draft from blowing out the kind from the 
flame, and of course there lomn nf fhf» 
was no way of escaping the '‘'"’P 
odor. And what an unpleas- man. An(lil^^as 
ant bum one could get from _ f,, 

the hot oU 1 a pretty poor one 

Q There is no way of It binokcd and 
getting burned from n* i , , 

the strange-looking flickered, and it 

gourd-hke affair at jravc vcrj' little 
the left, for its light T. , , , / , 

all comes from fire- hght but plentv 
flies shut up inside it. 

It ^ These roman- A 

tic lanterns 1 he first thing 

' little’’*natiTo 

huts in the now call a lanii) 
w,is mdde dboul 

S and s m o k i n g 
stopped, and at once 
wc had a soft and 
lestful light whiih 
Some- , in those da\ s seemed 

rtVshed ' '‘'O •jrilliaut. Sime 

SO it was often called a then wc have gone 
it often it was just punched 

id often the wind blew it out! imj^roving our 

I plain kerosene lamp, such lamps until wc now 
1 the big table around which i ,, 
ts and our great uncles and ti*ive tnem m a great 

^ M.V- *"”/• 'U* shai>es, si/,es, 

a fire, but the flame on its and kinds. 1 he best 
of them give an ev 


When Shakespeare and his . ||H|B 
friends had to be out in 
London after dark, they 
earned a lantern like the A 

one just above. It was a ^ Jlwff 

little box of metal with a 
candle^ inside. Some- ^ 
times it had thin slices ^ 
of horn set into it to shed 
the light, and so it was often called a 
‘Tanthorn’*; but often it was just punched 
full of holes. And often the wind blew it out ! 
At the right is a plain kerosene lamp, such 
as always sat on the big table around which 
our grandparents and our great uncles and 
aunts gathered to do their sums. It was 
a great nuisance to clean, and was the 
cause of many a fire, but the flame on its 
wick burned clearly and steadily and gave 
a pleasant light. 


cellenl light for 
rejuling, and there still are more lamps used 
in the world than any other kind of light 
Hut they need cleaning and refilling; they 
make a good d<*al of heat, and use uj^ a 
go(Kl deal of the oxygen in the air —about 
four times as much as a man breathing; 
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they flutter or go out in a breeze, and they 
are always a little dangf rous. 

What Makes a Candle Burn 

Wc had begun with mere grease. In 
time we went on to various oils, all obtained 
from some plant or animal. 

The main kinds w'cre the rape 
oil that came from a plant 
like a turnip and, much later, 
the sperm oil that came from 
whales, Down to the time 
of our great-grandfat hers, 
these were the best things 
we had. 

Hut what about kerosene? 

Well, strange as it may sound, 
we did nf)l know how' to use 
kerosene till about 1^5^. And 
then it made another revo- 
lution in . 

•ani|)s ; . 

though for 
some time, 
we shall 

sec, we had alrea.lv 
been using gas. 

Perhaj)s you ha\e been \Nondering 
what the wick was for. Hut you h.ive surely 
noticed that when you ])ut one end of a small 
tube in a i)ail <^f water, the water ^^ill run 
up a little ^\ay inside the tube. If the lube 
is very line, like a hair, the water ^^ill rise 
all the way to the top, but it will not spill 
over. We have no notion why it ri.ses; it 
just rises. When we do not know about a 
thing, wc often give it a big name; and this 
thing we call capillary (kap'i-la-rf) attraction, 
from the Latin word which means “hair.^^ 
Now a wdek is full of little si)aces between 
the fibers through which the oil rises to the 
lop; and in the lamp it keeps coming up 
just as fast as it is burned away. In a 
candle the wick docs Uie same thing; only 
here there is a neat little arrangement by 
which the heat ketips melting the top of the 
candle so that it may keep flowing uj) the 
wick. 

And now we have to go back again in 
ancient times to the Phoenicians, about 
whom we hear so often in these stories. It 
seems to have been these iieople who 


first ran a thread of yarn through some 
tallow, or animal grease, and so made 

the first candle. And dowm through the 
ages their candle has come side by side 
with the lamp, as the other successor of 
the cave man’s torch. Of course it was im- 
^ proved in many 
ways, just as the 
lamp was. It 
was often made 

When candles were the only light that beeswax, 
anybody had, they often were made at or much 
home in moulds like these. A string, Inter of 
to serve as a ^ \ 

wick, was run spermaceti 
j down the cen- / - « A ^ ^ A 
. . ter of each (^pur ma- 

1 1 1 mould, and se'tf) from 

I 1 I laouw” w5r: a whale’s 

fiUed from the head: and 
lower end with 

melted wax or sometimes 
tallow. When it a S 


melted wax or sometimes 
tallow. When ; t re a ^ 
the candles ^ ^ ^ ^ ^ 
had hardened, sweetly 


preferred. And 
it .still used in our own da^', though mainly 
as an ornament. At many a fine dinner there 
are candles on the table. 

Our great-grandmothers used to make 
many a candle. I'hcy would lower a strand 
of cotton into a tank of wax and draw it out 
to let it dry; then dip it and dry it again 
and again until it had gathered enough of 
the wax to be a good round candle. Now- 
adays a candle is usually just poured into a 
mould around a wick and allowed to harden. 
It is often a mixture of many materials, but 
principally of stearin and of paraflin wax. 

But how slow we were in finding out how 
to make a good light ! Down to the time of 
George Washington, which w’as only yester- 
<lay as history goes, w^e had nothing but 
smelly lamps and ghostly candles. In all 
the palaces of Louis XIV there was nothing 
better. 

So imagine the surprise of some old cave 
man, or of Louis XIV either, if he had 
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heard that we were going to get light out of 
one of the blackest things that we could 
find — out of lumps of coal. For some lime 
we had knowm that we could get gas out of 
coal and burn it, but it was only about 1792 
that we began to learn how to make all (he 
light we needed in tins way. By 1802 a 
Scotchman named William Murdock had 
lighted a large factory near Birmingham 
with gas, and two years later a German 
named Wintzler lighted a theater in London 
with it. How much did 
one see in a theater before 
there w'as a gaslight? 

Or how much did he 
see in the street at night.** 

For there was no way at 
all to light a street when 
we had only lamps and 
candles — they would 
blow out in the wdnd. 

That is w’hy a man in 
Shakespeare’s London 
w'ho ventured out at 
night carried a lantern 
and a drawn swx)rd. And 
the lantern was only a 
I n box with a candle 
in it. But w'ith gas w'c 
could even light a street. And the same 
Wintzler had soon lighted the famous London 
street known as Pall !Mall. 

His little yellow gas jets would look pretty 
weak to-day, but a century ago they were 
a new wonder. In the pitch dark even the 
flare of a match looks bright. And people 
were soon talking about the brilliant “lights 
of London town.” When they wranted to 
celebrate some great event they put up 
scores of extra gas jets and lighted them 
all at once to make w'hat they called an 
Illumination. 

What Is the Limelight? * 

Then of course the gas jet w^as vastly 
improved. At the very first it had just been 
an ordinary hole at the end of the pipe, 
which let out ten times too much gas but 
gave ten times too little light. But soon 
(here were various kinds of jets with little 
Jits that let out a bright, flat flame in the 
hape of a ai*. The old-fashioned gas jet 


of our own day is like that. Bui it is getting 
to be rare. 

For a good w^hile ago we found out the 
curious fact that certain things which will 
not burn over (he hottest flame will yet turn 
so ])right as to give out far more light than 
will the flame itself. They give out “in- 
candescent” (In'kan-di^s'Cnt) light — or light 
that comes from something glowing but not 
burning. Lime is one of tliesc things. If 
we heat a cylinder of lime hot enough, it 
will throw off a dazzling light — and that 
is why we still talk of being “in the lime- 
light,” for in its day this w as the brightest 
light of all. 

Xow in 1885 a German named Welsbach 
(vrls'baK) put a little cone, or 
“mantle,” made mainly out 
\ of a metal called thorium, 
o\er a gas burner. When 
the mantle got white-hot 
it gave off a light far 
brighter than the gas it- 
self could give. And the 
mantle” is 
what we still use if wt 
light a room with gas 
Hut w*e now use gas for cook- 
itig and for other purposes more 
than for light. It had its d4y of glor\, 
and then bowed to a superior invention 
. Yet some of us wdth gray hair can still 
remember when wa‘ first came to a great 
city hotel and found a gas jet in our room! 
And there may have been a sign reading 
“Don’t blow out the gas.” For once in a 
while a backwoodsman would blow it out, 
like the lamp at home, and then die in his 
sleep. One or two men are even said to 
^have tried to blow out the electricity. 

For finally w^e found the electric light. 
There is nothing burning in it, only some- 
thing shining. You do not have to touch a 
match to it, but just press a button. The 
last child of the cave man’s torch is only a 
hot wire in an empty bulb I 

For some time we had known that when 
an electric current runs through a fine wire 
it will make the wire red-hot and give off 
light. As far back as 1820 a Frenchman 
managed to make an electric li^t that lasted 
for a little while; and he was followed by a 



In the square 
is a ]ucture 
of the old- 
fashioned 
gas jet, in 
which the gas . - f* 
burned in a 
fan-shaped 
flame. Below it is the 
Welsbach gas man- 




tie, which giTes out a much brighter 
light then the little contriTcnce above. 


•Wdsbiuh 
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The plant above makes water gas by driving 
steam through coal or coke in the generator, 
where a blast of air has made the fuel very hot. 
The steam picks up gases from the fuel and 
passes to the carburetor, where a gas given off 
by very hot oil is added to it. This gives the 
gas made from the coal or coke a much higher 
heating value. In the superheater the two gases 
are well mixed, and water in the washbox takes 
tar from the mixture. The gas is then dried 
and purified, and is ready to bum. 


caupmuEKTSB^ 

IS by driving Below is a model of a coal-gas plant. Soft coal 

lie generator, is heated very hot in air-tight ovens, and so 

fuel very hot. made to give off a gas that will bum freely, 

the fuel and This gas passes through mains to a cooler, 

gas given off where it is chilled by passing through pipes 

his gives the surrounded by water. Then it is treated in 

much higher various ways to remove tar, ammonia, light 

the two gases oils, and other impurities, all of which have 

rashbox takes great commercial value. The pure gas is then 

is then dried stored in a great tank, ready to be pumped to 

9 bum. consumers. Water gas has replaced coal gas 

in most of our cities. 
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number of other men, until finally a large One of these is the arc light. It came as 
hall was lighted in this way in 1840. But early as 1845, and was in use to light the 
none of the early electric lights were very streets of Baltimore by 1870. For a long 
good. time it was a favorite form of street light, 

There were two main problems: to find and people who are now getting gray can 
the kind of wire that would make a bright remember how the arc lights used to buzz 
light, and to keep the wire itself from burning and sputter on the corners in their childhood. 


up as soon as it got 
white-hot. Tn 1878, 
following many 
other workers, Edi- 
son found the best 
answer thai had yet 
been given to both 
problems. He tried 
wires, or filament, 
of many substances 
- -paper, thread, 
and bamboo among 
them— all of them 
charred to turn 
them into carbon. 

And to keep his fila- 
ment from burning I 

up, he put it into a " 
glass bulb that had no air in it. i 
Where there is no air, there can 
^ ' no fire, for fire has to use the ^ 
oxygen in the air. So in the ' 
empty bulb the filament would in 

shine for a long time without 

burning away. in the large picture is the scene 

In the lairly short (ime during 5 SSS!^ 


The arc light has 
two sticks of carbon 
placed end to end 
l)ut not quite topch- 
ing. When the elcc- 
tric current leaps 
from one stick to 
the other it makes 
an intense heat ; and 
a blue arc of vapor- 
ized carbon forms 
between them and 
throws off a bril- 
liant light. Such a 
light ih still U'-ed for 
t ertain purposes, 

I it no longer 

I-I,...,,., U... light!, our sircetb. 

^ Since iqoi 

the 

vapor lamp. This is 

a little mercury 

Id in it. When the electriexurrent runs 

through it, the mercury turns to 
In the large picture is the scene gas and glows with a beautiful 

h"-! wuo %ht. sun 


which the electric light has gone » 1879 when the first pret t ier is the neon light, which 

all over the world, it has seen a lamp was prepared for its life have had since iqri. It 

vast improvement. The old Edison, the third from the works in about the same wav; 
£• I __ . * 1 1 left, is preparing the filament. 111 . ^ 

nlament was just a single loop At the bottom is a picture of only under the current the neon 

that gave a dull yellow glow— ^he bulb turns to a bright 


we have had since igri. It 
works in about the same way; 
only under the current the neon 
gas in the bulb turns to a bright 


not so bright as the Welsbach made of platinum and iridium, orange color. We often see this 


mantle. But by 1907 we had the*"u«Vn? whenSw p'j^ss tube which has 

multiple filaments made of the metal got too hot. The lamp been turned and twisted to form 
mAfcit fiirirrcfAit fVtACiA bumsd for foitj hours. .„.vw..io T4. 


metal called tungsten, and these 

are now so bright as to give some eight times 

more light than we could get at first. Our 

modern electric lights are of all sorts and 

sizes, up to the enormous spotlights of thirty 

thousand watts used in the moving-picture 

studios. 

A Light for Every Need 

But we have told of only one kind of 
electric light, and there are still others. 


words or pictures. It is widely 
used in advertisements and in other signs. 
Wc can add .still other gases and turn the 
light in it to blue or green or various other 
colors. 

There is also another kind of gaslight that 
we have not mentioned. It is made with 
acetylene (a-s6t'I-lcn) gas, which is formed 
from calcium (kal'sl-fim) carbide and water. 
It was used for the headlights of motor cars 
before the electric light was perfected for 
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that purpose; and it is still employed in 
some country houses that are too far away 
to get gas from a town and have to make 
their own. Jt burns with a fine white light. 

Hut there is still one kind of light we can- 
not make. Some of the bacteria can make 
it, and so can the fireflies. It is ‘'cold light. 
For we can make light only by burning 
something or heating something — only by 
making more or less heat at the same time. 
But there is so little heat in the light of the 
firellies and certain far tinier creatures that 
we call their beams cold. We have learned 
how to imprison the lightning in a little 
tube of glass, but we have not yet found 
out all the secret of the liretly. There are 
men who are wondering right now how to 
do it. Possibly they will tirul out. 

As recently as j 9.^58 they came much nearer 
to solving the ])roblein. At that time a new 
kind of electric lighting known as the flu- 
orescent (lldr)'o-rOs'(:*ntj light was evolved. 
It is j^ied b^ tube filled with mercury 

vapor under low j)ressure. Inside, the walls 
<jf the tube are coated with one of a number 
of dilTerenl chemicals. When an electric 
current is passed through the mercury vapor, 
iiuisible ultraviolet rays are j^roduced, and 
these rays, striking the chemical-coated walls 
of the tube, are radiated again as rays of 
visible light. Yhc light is while or one of a 
variety of colors, depending on the chemical 
that has been use<l to coat the walls of the 
tube. Practically no heat is generated in 
the process. 

This light that is emitted by various sub- 
stances when they are exposed to the action 
of certain kinds of rays is known as fluores- 
cence. We may see it at work when wc 
look at our hands under the X rays, for X 
rays will make certain substances fluoresce 
““-that is, emit fluorescent light. 

Fluorescent tubes are a good deal more 
efficient than the old-fashioned bulbs that 
shed their light from a heated filament in- 
side the bulb. Fluorescent tubes give three 
limes the light on the same amount of elec- 
tricity. They can do this because almost no 
energy is lost in heat. Furthermore, flu- 
orescent light is said to be more like natural 
daylight than any other kind of artificial 
liglit and for that reason easier on the 


eyes. I'he tubes may be straight or bent 
to form a circle. 

Fluorescent light was widely used for the 
first time at the New York World's Fair in 
1938. During World War II it was common 
in industry, and helped to speed up war 
production. To-day it is appearing more 
and more often in our homes, where its soft 
glow is said to helj) us avoid the eye strain 
that modern life inflicts on us. 

Many other interesting kinds of lamp 
bulbs have been invented of late. Scien- 
tists and engineers, realizing the tremendous 
value of the rays of the sun, are learning to 
bring us some of the same life-giving energy 
in rays emitted by electric bulbs or tubes. 
The deeply ])enet rating heat of the diathermy 
fdi'a-ther'ml) machine relieves the aches and 
pains of arthritis and similar diseases. An- 
other kind of bulb will give us the heat 
necessary to dry paint quickly on a long 
production line of new cars or planes. There 
are bulbs which help create vitamin D and 
give you a becoming sun tan at the same 
time. And another newly developed elec- 
tric lamp is capable of destroying harmful 
air-borne bacteria. It has been put to work 
in many of our ]>ublic buildings, schtuflrooms, 
and ho^])ilals. All these light -giving devices 
are a little like the .sun come down to earth. 

We still measure any kind of light in the 
terms of the old candle. A candle power is 
the amount i)i light given off by a sperma- 
ceti candle of a certain size that is burning 
at the rate of a hundred and twenty grains 
of wax an hour. A lumen (^lu'men) is the 
amount of light that such a candle would 
throw on a sfjuare foot of paper one foot 
away. 

And now suppose we think a moment 
about how the electric light has transformed 
the world for us. The shades of night arc 
falling on the city. Somewhere a man is 
pressing a row of buttons, and mile after 
mile of street begins to glow with thousands 
upon thousands of electric brilliants. In 
story upon story of the towering steel build- 
ings the lights arc flashing on, until the 
whole scene is a fairyland that w’^e could 
never dream of till w'c see it. Light is 
turning the darkness into day. Just suppose 
the old cave man could see it all! 
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Reading Unit 
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THE MACHINE THAT MADE THE 
WORLD OVER 

Note: For basic in format ion For statntical andturrmt jaits, 

not found on this page, consult lonsult the Richards Year Book 
the general Index, VoL 15. Index. 

Interesting Facts Explained 


What steam can do, 10-395-96 
The secret of the steam engine, 
10-396 

A sort of steam engine was made 
by Hero of Alexandria, 10-396 
The steam engine that worked 
backward, 10-396 
How the Newcomen engines 

Things to 

How did the Newcomen engine 
work? 

What were the chief defects of the 
Newcomen engine? 

Related 

What ship deserves the credit of 
being the first steamship to 
navigate the Atlantic? 10-222 
How is steam formed? 1-404 
Is steam a suitable refrigerant? 

I -408-9 

How is electric power generated? 

Leisure-tim 

PROJECT NO. i : Use a jet of 
steam from a tea kettle spout to 
spin a spinwheel. 

Summary 

Steam is the gas that water 
turns into when we boil it, and its 
power comes from the fact that 
it needs about sixteen hundred 
times as much room as the water 


pumped water out of English 
coal mines, 10 -398 
James Watt makes the first suc- 
cessful steam engine, 10 400-1 
How a governor on a steam en- 
gine works, 10-401 
The modern turbine engine, 10- 
40 T 

Think About 

What parts of the steam engine 
did Watt perfect'' 

How does a steam turbine differ 
from a steam engine? 

Material 

I -506, 507-8 

What were the earliest steam \e- 
hicles? 10-175-83, 277, 280 
How does steam drive the railway 
engine? 10-175-78, 277 
What fuels are most commonly 
used? 1-384 

e Activities 

PROJECT NO. 2: Make a 
model of a Watt steam engine 
governor, 10-401 

Statement 

% 

it came from. The invention of 
the steam engine, which we owe 
to James Watt, was the main 
event that started our modern 
Machine .\ge. 
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I’liuto by Kim ligitB 

Of course James Watt’s parents do not yet realize stopping the spout They will laugh at James’s sur- 
that their son is a genius, though it is clear that they pnse, and then the incident for them will be over 
think he is an uncommonly nice little lad. They are But for James it will be the beginmng of a tram ot 
waitmg for the lid to fly off the kettle, for James is thought that will change the lives of all mankmd. 

The MACHINE THAT MADE the WORLD OVER 

Our Modern World Got Its Muscle from the Steam 
Engine Built by James Watt 

0 UST <;uppo^c one of our ancestors two work right, will lift a t‘on of rock twelve 
or three hundred years ago ha<l had inches To make it do so we must first 
to lift a ton of stone a foot high, how change it into steam, and a cubic inch of 
would he have done it? He would have had water will make about a cubic foot of steam 
to get a dozen or so men with long levers to And then we must have an engine that will 
pry it up by might and main. put the tremendous power of the steam to 

And then suppose we had come along with work, 
a tiny cup of water and said, “Let the water Now steam is simply the gas that water 
lift your rock for you!” We can imagine turns into when w’e boil it And its power 
now he would have laughed at our nonsense, comes from the fact that the steam expands 
bift a rock with a few spoonfuls of water? about sixteen hundred times, or needs about 
Yet a cubic inch of water, if we put it to sixteen hundred times as much room as the 
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w'ater it came from. If vre boil the water 
in a i>an the steam will merely flow off into 
the air, and will seem to have no power at 
all. But if we boil it in a bottle or a sealed 
can, we shall want to get out of the way in 
time, for there will be an exidosion. 

How to Harness Steam 

But if wc are going to use the steam, we 
must not let it float a\vay in the air, and 
we must not have it exploding. Wc must 
keep it compressed in a ^ 

strong steel box, pushing 
mightily to get out — it 
wdll push in all direc- 
tions with a force of 
two hundred pounds 
or more to every 
square inch. And 
there must be one 
place w^here it can 
get out, but only by 
pushing something 
ahead of it. Then the 
thing it pushes so mightily 
is connected with the ma 

chine we w^ant in the square is a 
; to run in a model of an en- 

locomotive, for by an Italian I ^ 

named Giovanni I -MSt- 


M 


; to ^ ^ r 

locomotive, for by an Italian ^ ? 

inanrir#* wifli Giovanni A » 

instance, wiin g^gnea. The big »*■ 

the wheels on wheel at the top MW ■ fai ji 

Ihe tnu:k. Th. JJ? f 

force of the es- which, rushing I W t b 

. out of a pipe, hit a / \M 1 1 

caping steam is great many Uttle 

W’hat makes the Wades set on end M 

, , , along the edge of ■ 

W'heelsgoround. the wheel. This ' " 

And that is all SifL^r » s m i i 

Wneei rums and I notfuiri) Sfi^nrw Mnatiiiu Ionr|(»n 

the secret of the the big wheel 

steam engine. of the ai 

But it took us work if the device had been big the lemo 

a long time to KSmlld u|, into 

find out how ®0dem steam turbine operates on the way 1 

. the principle of Branca’s engine, 

to use tne sc— 

cret. We have had steam engines only for ^ 
about a hundred and fifty years. And in He wa 
that short time they have just about made without 
the world over for us. big copr 


of Alexandria is said to have made a sort of 
steam engine. Tt was only a kind of whirli- 
gig, and just a toy; of course it was never 
])ut to work. 

For many a century there was nothing 
better. There are certain •stories aliout rude 
steam engines three or four hundred years 
ago, but we are none too sure how true they 
are. A certain Spaniard is said to have 
made a steamboat aliout 1543 and to have 

Th® picture in the ovtl shows a across 

model of Hero’s little steam sp- the Ba^'' of Bar- 
paratus. Water in the big cauld- ^ 1,, „ ,1 

ron was brought to the boiling etloild. And 
point by a Are underneath, about 1620 an 
The only way of escape for t 1 • 

the steam was through the Italian blew 

two pi^s leading into steam out of a 
the hollow globe above, 
which was provided pipt^ upon a 

SlSi K.’E; y-cly 

rushing out of the the wheel turn 
spouts started the i:i ^ .... ^ r 

globe spinning. This ol 

device was never put windmill. Bui 
to work. ^jjl 

Strong enough to do any real w'ork. 

By 1O98 steam was 
* finally set to work by an 
^ Englishman namo(I 

Thomas Savciy, though 
ill a fashion very different 

* from the way we use it 

* When you drink lemonadt* 

ff through a straw', w hat you 

kViT* j do is first to suck out the 

^rW-|L air in the straw, and leave 

I a vacuum, or (unpty space, 

in it. Then the lemonade 
flows up into the enqily 
. . stiaw’, for ‘"Nature alfliors 

a vacuum.'^ The weight 
of the air jiressing <!owm on the surface of 
the lemonade in the glass ])ushes the liquid 
up into the vacuum. Now' that was just 
the way that Savery\s steam engine worked. 


Of course we knew something about the 
great power of steam long l^cfore we found 
out how to put it to work. A good many 
men w'ere wondering about it. About 2,000 
years ago a certain (ireek named Hero 


A Steam Engine That Worked Backwar4 

He wanted to draw water up into a tank 
without pumjAng it. So he first filled the 
big copper tank with steam. Then the 
steam cooled and turned back into water, 
leaving nearly all the lank a vacuum. And 
up into this vacuum, through a jjipe, came 
the water from below, just as did the lem- 
onade in the straw. For a long time this 
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Left: Newcomen’s engine, 
for pumping water out of 
mines. Water m the boiler, 
heated by the fire under- 
neath it, gave off steam 
which rose into the cylinder 
above and pushed up a slid- 
ing disk called the piston. 
Attached to the top of the 
disk was a piston rod which 
was connected with a rock- 
ing beam. As the piston rod 
rose, the right-hand end of the 
beam rose with it, and the left- 
hand end of the beam sank, at 
the same time pushing down a 


w mL I MM pump rod which ex- 
, T 1 m I tended deep into 

the mine, 
steam 

turned off, and a 
stream of cold water 

was turned on. It flowed into the cylinder from a little tank 
fastened to the upright wooden post at the left. The cold 
water condensed the steam in the cylinder, and so a vacuum 
was formed. Since there now was nothing to hold upc^the 
piston, it sank to the bottom of the cylinder — as shown in 
the oval — pulling the right-hand beam end down with it and 
raising the left-hand beam end and the pump rod down in 
the mine. The cool water in the cylinder ran off through 
U'.e at the right. Then the whole process began again. 
Water was pumped into the tank by a second pump rod on 
the left-hand beam end. 

HOW A MODERN STEAM ENGINE WORKS 
Right: Boiler and cylinder in a modern double-acting steam 
engine. At the top you may see how tubes running through 
a boiler full of water carry heat from the fire below and so 
keep the water at the boiling point. The steam gathers in the 
boiler under great pressure. Then, when a stopcock is opened 
in the pipe at the right, the steam rushes through 
the pipe to the cylinder, which it enters at A, as shown ^-3* 
in the center picture. The pressure of the expanding 
steam forces a sliding metA disk, called the piston, 

along the cylinder to the right; and the piston rod, at- 

tached to the piston, pushes a metal shaft connecting flin 
flfj with a wheel. So the wheel is turned. When the 
piston reaches the right of the cylinder, as 
shown in the lowest picture, a neat affair called 
a slide valve is at the same time automatically | 
sbpped to the left across the left-hand entrance I JHMkM 

to the cylinder, and the right-hand entrance is 1 ■ 

opened for the steam to rush into the right- ■ M 

hand end of the cylinder (B) and push the & fl 

piston to the left. The returning piston drives the p ^ ■ 

used steam out of the cylinder tluough the opening ^ ■ 

in the center of the slide valve. In both pictures |||[|p||i||||j| 
the slide valve is shown just above the main body 
of the cylinder, for of course the two views are 
both pictures of the same cylinder. On Lmmm 

top of the boiler is a safety valve which lets 
steam escape if the pressure inside the ^ 

boiler becomes too great for safety. ^ 

We measure engine’s power 

’’horse power,” because early buyers 
an engine wanted to know how 
many horses them. A 

one-horse-power engine must 
the power to 33 ,ooo pounds one 

foot per minute. 
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sort of engine was used to draw up the water 
out of mines. 

We may say that it was a steam engine 
that worked badtward. Instead of making 
water expand into steam and push something 
out, it made the steam condense into water 
and draw something in. And nearly a 
hundred years were still to pass before the 
great James Watt came and turned the 
process around so t hat the st earn 
worked ^\dth a ])ush 
instead of a pull. 

In the mean- 

time Saver}’'s \ 

engine had 
been improved 
by a French- 

man named ~ 

Pa^in (pa'- 

1 i S h m a n ehotun »>> Scirace Minniiu, ^ 

named 

Newcomen. They gave the 
engine a cylinder and pis- 
ton, tw^o parts that are 
found in every ^ ^ 


Photim !»> Sciroctf Minniiu, 
l<UQiloil 


water in and out of the cylinder. The story 
goes that a clever boy named Humphrey 
Potter thought of a better way. He was 
hired to open and shut the valves, and he 
grew tired of the tedious work. So he just 
tied some strings to the handles and bars 
and beams of the engine, and so made it 
open and shut its own valves at the right 
moment. In this way the boy is said to 
have invented the .slide valve, which is 
^ now an important part of every steam 

The Newromen engine slowly pumped 
mB the water out of many an English coal 
KV mine all day long for many a year. 

But it often gave trouble. It 
^ would spring a 

1 I • leak or get into 

•• 11 [li I I ^ 

|| M some other way 

I «'f goinR "rong 

^ And tho wo^t 
thing was that 


upper picture 


it ale 

up 

so 

ni ii c h 

c o ; 

;il. 

Never 

did 

an 

engine 

need 

so 

much 

coal 

to 

get uj) 

• ste 

am 


that enters the with the top of the pit, at the left, was held back by a movable sluice, enough to do its 
cvlinder niiches When the sluice was raised, a stream of water, flowing down an Korbo'it 

cyunaer pu.nes inclined channel at the bottom of the wheel pit, hit the curred blades ^ |i< ‘it- 

the piston back of the wheel and pushed them forn^ard to the right. This sent the mg the cvhndor 
nnH fnrtVi anrl around. The outline of the wheel is here shown painted on , .nVi utootvi 

ana tortn and the oumide of the wheel pit, together with the position of the water for 

SO operates the it pushes against the bottom of the wheel. This was the kind of cvervstrokt'and 

wheel best suited to a shallow stream. au ’ r 


machinery. 


then cooling it 


^ horse furnished the power for the lower device. The unlucky beast . . „ • 

in JNewcom- driven up the inclined plane to the movable platform. All day once again 
en’s engine the i®®* i*® walked and walked on the platform, which his steady tread was by no means 
. T. , , pushed out behind him. So the plane passed under the horse and , 

steam Clia pusn mound, under and around, and turned the wheel shown at the right good idea, 
the Diston out: ^b® picture. ; t did 


the piston out; ®^^^® 

and then cold water was squirted into the 
cylinder to condense it and to leave a 
vacuum which would pull the piston back. 
Then more steam would be let in to jjush it 
out again, and so the process would continue 
at the rate of some sixteen strokes a minute. 
The modem steam engine commonly makes 
about ten times as many strokes. 

The Invention of a Lazy Boy 

The first Newcomen engines couhl not 
run by themselves. Someone had to stand 
by and open valves to let the steam and 


iicture. j j ,1 

manage to pump water, and for a good 
while no one thought of any better thing. 
Indeed, there was not much machinery 
to run in those days, for nearly every- 
thing was done by hand. The Newcomen 
engines were never used for anything but 
pumping water. And so there were not 
very many of them. Even blacksmiths 
and machinists usually knew nothing about 
them. We may be fairly sure that James 
Watt, who was soon to give us a far better 
machine, never saw one of the Newcomen 
engines when he was a boy. 
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Yet there is a story about the boy Watt His father did a business of supplying 
that we always love to tell, even if we know ships with everything they needed. So the 
it is not quite true. Tt is the talc about his storehouse was full of rope and canvas, with 

listening to the kettle singing, watching the a strong smell of oakum. But best of all, 

vapor pouring out of the spout, and won- there was a carpenter shop where all sorts of 

dering what would hapjjen if the spout were things were turned anrl shaped for use on 

stopjied up. So he just tried it to see, anrl shipboard. 



I'liutiNi l>\ Must Hill 1 (II ion 


This is a picture of James Watt’s workshop, as it has It was here that his steam engine was bom. In the 

been reconstructed in the Science Museum, in London. oval is a picture of the great inventor. 


found that ihe sleani pushed ofT the lid of 
the kettle at once Ainl that, according to 
the stor}\ is the way James Watt got the 
idea of the power of steam and started think- 
ing about his engine. 

The Boyhood of James Watt 

The fact is that when W^att w^as a boy in 
Scotland, w’hcrc he w’as born in 1736, he 
had other things than kettles and steam 
engines on his mind. He had his lessons and 
his games, and his rambles over the Scottish 
hills. He was also a great reader, and never 
so happy as when he had a good book. But 
he was a sickly boy, and sometimes he had 
to stay away from school for w’ceks at a 
time. Then he often found his father’s shop 
the best sort of place to play in. 


In the shop the boy learned how to make 
many things out of wood and metal. He 
liked to build models of machines, and soon 
grew to be an expert w'ith every’ tool in the 
shop. By the time he w’as fifteen the good 
folk in his native towm of Greenock had be- 
gun to think that Jamie was a bit of a genius. 

He meant to go off to college — like a good 
Scotsman — but just when he should have 
started, his father lost most of his money, 
and James had to go to w’ork for a living. 
The natural thing for him w’as to become an 
instrument maker. That was easy w'ork for 
him, and he w'ould like it. 

Watt Visits London 

So off he w’ent to London, with a friend 
on horseback. Once in the city, he had 
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little trouble linding work as an apprentice 
to a maker of instriinitMits. In those days 
anyone who wanted to be a skilled w'orker 
had to serve for many years as an ajjprentice, 
and to w’ork veiy’ hard for ver>' little ]>ay. 
At the end of his fmst \ear young Jamie 
found that the long hours and the poor food 


too much heat and got uf) too little pow'cr; 
and it went too slowly. Couldn’t he manage 
to make something better? 

He wanted an engine that would keep hot 
all the time instead of cooling off at every 
stroke. He wanted one that would not have 
to wait for a vacuum to fx)rm. If he could 



i*hor«iM h\ th( M i-r iiii Miiauh 

The powerful giant in the large picture is a modern to drive our modem world. In the oifW is its little 

steam engine. It and thousands of its fellows help old ancestor, James Watt’s first engine, of 1788. 


were telling on his health. He had to give 
up the work and go back home. 

The Birthday of the Machine Age 

As soon as he w^as well again he went to 
Glasgow and began making instruments for 
the University there. That was in 1756, 
and for the eight years following he w'as 
busy making mathematical instruments and 
working at engineering problems that were 
set for him to solve. 

At last came the great day when he 
started on the work that was going to make 
the world over. There was a Newcomen 
engine in the museum at the University, 
and Watt was called upon to make some 
repairs on it. 

He had no trouble in doing that, but the 
more he studied the engine, the less he liked 
the crude way it had of working. It wasted 


buikl one, it would woik faster and harder 
than the old Newci^men alkiir. 

lor three \ears Watt pondered and ex- 
perimented wdthoul making any hcachvay. 
But he knew' there was an answer to his 
problem, and he w'as still sure he could find 
it. I'hen as he was walking uver the com- 
mon in Glasgow one day, he found the right 
idea coming into his head all at once. So 
he hurried home and sturled to build a 
model. 

The First Successful Steam Engine 

But even with the right idea, a great in- 
vention is not finished in a day. For many 
a year still Watt had to struggle against dis- 
couragement, failure, and occasional despair. 
He made a little model that worked well 
enough, then he built a big engine on the 
same model, with money he had borrowed, 
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and the engine did not work at all. It fiad 
been so b<adly made that it was full of leaks 
and would not run. 

Then Matthew Boulton of Birmingham 
came and offered to join Watt as a i)artncr. 
Together they found better ironworkers and 
mechanics, and built a new engine that was 
a great success. 

In its general w'ay of working their engine 
was very much like the engine of to-day. 
In the ]uctures you may see the ])arts that 
the genius of Watt invented. Notice es- 
pecially the slide valve and the governor. 
It was he who thought out an<l perfei ted 
both of these. 

The condenser \\as one of his great tri- 
umphs. With it he could pull out the steam 
when it had been use<b without cooling or 
stoj)j)ing the engine, d'hen the engine could 
run faster and exert more power. And the 
governor is a neat little device to kc*ep the 
engine from running too fast or too slow. 
It has two liMte iron spheres that just hang 
down when the engine is at rest, but fly out 
like balls on a string when it is running. 
The faster the engine goes, the faster the 
governor whirls and the higher the balls 
l^^ But they are so attached to the machine 
that when they get too high they will o])- 
erate .so as to turn off some of the steam and 
in that way slow the engine up a bit; aiifl 
if they fall too low they will likewise sjH'cd 
it up a little by turning on nn)re steam. So 
they keep it always going at a steady speed. 

James Watt kept on working at his engine, 
improving and perfecting it, till he was 
sixty-four years old. Th<‘n he retired to 
enjoy his many hobbies. He thought out a 
way of copying sculpture. He made a study 
of the gas that w'e burn in stoves; and he 
tried to find out what w^ater is made of. 


He kci)t busy right up to the time of his 
death in 1819. He w^as one of the greatest 
inventors of all time; and we often u.se his 
name without thinking of it, for we employ 
the word “watt” as the name for a measure 
for electricity. 

If Watt had lived just a little longer, he 
would have seen greater wonders done with 
his engine than even he h.'id ever dreamed. 
He couM have watched it hauling heavy 
trains across the continents and driving 
immense ships across the ot'eans. He could 
have seen it whirling the w'heels in a million 
factories, and doing nearly all the hard and 
heavy work of the world. For his steam 
engine was the main thing that started our 
Machine Age. And because of it wc can 
have and do thousands of things that the 
very kings and emperors were missing only 
a little wl^ile ago. 

Even Watt’s invention, great as it was, 
was not the last word in the use of steam. 
Another kind of steam engine w'as made in 
1884 by an English engineer named Parsons. 
In this engine the steam is made to rush 
out of a ])ipe with a tremendous force. Then 
il striker uiurn a wheel wflth many little 
blades, and makes the wheel whirl round as 
fast as two thousand times a minute. There 
are many of the wheels, and the steam goes 
from one to another until they arc all spin- 
ning with trememU)us j>ower. 

Such is the turbine engine that is now 
used to drive many ])ig ships over the water 
and to turn many electric dxmamos on land. 
Of course in our day elt‘ctric engines have 
begun to take the place of steam ones in 
.some places. rerhai)s they will go on taking 
its place. But as long as the world lasts it 
will alw^ays remember the miracle that 
jame.s Watt ditl with a little familiar steam. 



HOW A GOVERNOR WORKS 
If you swing a stone tied to a piece of cord you will 
find that the faster you swing it, the higher the stone 
will fly. This is the principle that controls the governor 
on an engine. Those two small metal balls hang on 
arms that are hinged to the top of an upright spindle, 
and the spindle is turned by the engine. ^ when the 
engine is working fast it turns the spindle very rapidly 
and whirls the balls through the air at a great rate. 
This makes them fly outward. Now they, in turn, are 
attached to a metal collar by their lower arms. This is 
pulled up when they fly out, thus operating a lever 
which closes a valve in the steam pipe that supplies 
the engine. This regulates the speed of the engine. 
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Reading Unit 
No. 8 


THE GREATEST FLOWER HAS THE 
WORST SEEDS 

yiote: For basic injormation For statistical and current faitSy 
not found on this paf^e, consult consult the Richards Year Book 
the general Index, Vol. if;. Index. 

Interesting Facts Explained 

Alexander s soldiers brin<^ back those used in India, lo 404-5 
brightly colored cotton cloth How cotton was ginned b>' hand, 
from India, 10-403 10-405 

When cotton was a stuff for rich Eli Whitney invents the modern 
and noble persons only, 10-404 cotton gin, 10-406 
‘‘Long-staple” and “short -staple” How the work of ginning is done 
cotton, 10-404 rapidly and well, 10 407 

Our cotton gins patterned after 

Picture Htnit 

What did Eli Whitney’s first cot- What happens to King (’otton at 

ton gin look like? 10 404 the ginnery? 10 407 

Related Material 

What important facts should we What invention made sla\ery 
remember when choosing be- very profitable in the southern 

tween cotton and woolen gar- states? 7-217 

ments? 14-550 Of what use are the cotton seeds? 

How is cotton woven into cloth? . 9-33 

9-27-34 How is cotton thread spun? lo- 

What insect is the chief foe of the 33Q-42 
cotton plant? 9“3.L 3 ~ 339 i What good reason is there for 

3 M wearing light-colored cotton 

What kind of cotton is used in clothes in summer? i 430 
the making of rayon? 9-86 

Practical A pplications 

Whose work “saved” King (’ot- How is cotton cleaned? 10-407 
ton? 10-406-7 

Leisure^time A ctivities 

PROJECT NO. i: Make a PROJECT NO. 2: Remove the 

model of a simple cotton gin, 10- seeds from a ball of cotton by 

404 hand, 10-405 

Summary Statement 

After the invention of the one of the world’s great industries, 

modern cotton gin, the planting and then cotton cloth was to be 

and weaving of cotton became had by rich and poor alike. 
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THE COTTON GIN 



1 li t I \ V>itit\iUr 1 >ht« tr I < 


All through the realms of King Cotton at harvest time ^'weighing in,” for they are paid by the pound. When 
the workers come in from the fields laden with great it has been weighed the cotton will go straight to the 
baskets piled high with fluffy white. Now they are cotton gin to be combed free of its httle brown seeds. 

The GREATEST FLOWER HAS the WORST SEEDS 

This Will Tell How King Cotton Made It So Hard to Get His 
Seeds Out Until a Yankee Teacher Made a 
Machine to Do It 


V THE old davs ^^hcn most of the 
l>cople in Europe were still barbarians 
who went around in the skins of ani- 
mals and in certain coarse woolen stuffs, a 
few^ rare travelers from the valley of the 
Nile might possibly bring some fine fabrics 
to show them. The Egyptians had long been 
skillful in the arts of spinning and weaving. 
A great deal later, when the great Alexander's 
soldiers and other men crossed over the 
mountains and the deserts and found their 
way into India, they would bring back, 
among other things, many a yard of goods 
of delicate weave and gorgeous hue. For 
centuries in Europe these fine fabrics were 


going to be almost as rare anrl costly as the 
gems and spices that came with them out of 
the mysterious East. 

Even more w'onderful, the rare travelers 
in the earliest days w^ould tell of having seen 
little trees bearing the “w^ooF^ that had been 
woven into these fabrics. In other words, 
they had come upon the cotton plant. And 
nothing else that they found in the East 
was going to be half so important. For in 
our day the cotton industry is one of the 
greatest in the life of man. 

Nobody knows how^ long the people over 
in India had been growing cotton and making 
cloth out of it. Nor do we know how or 
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hearth brush. 


when the hlgyptians first found out about it. this is full of 
In the Bible we are tokl that Aaron, the ''seed cotton.*’ 
high priest, wore purple and scarlet raiment, ton blossom h 
and a girdle of "fine linen” and of "cunning with its swellin 
work.” The beautiful Helen of Troy put on four or five div 
garments of fine te.\ture, embroidered by the "lock” of cotto 
maids of Sidon and colored with the purple Every lock o 
of Tyre. These might have been sheer cotton hard, brown sc 
fabrics. P'or in those 
days cotton was 
a stuff for rich 
and noble per- 
sons only. Un- 
til very recent- 
ly, in fact, it /f, 
was far too 
costly for any 
but the rich. 

Only for the 
past hundred 
years or so has it 
been so cheap as to 
clothe prince and pauper alike 
in every quarter of the globe. 

And one of the main reasons 
why it can do so now is that a 
li‘de over a hundred years 
ago a clever Yankee school 
master had the wit to in- 
vent the cotton gin. 

Of course it w^as not the 
cotton gin alone that made 

cheap. In some e**"*^*" of Imr AiU>. ^ tip l uiMrut^ Iin»j tin 

other stories we have told how the "spinning near llic shore, 
jenny” and the "spinning mule” and the "long-staple” < 
power loom had come to spin out the threads kind that grow 
and w'eave them into cloth much faster and in many other 
more cheaply than human hands could ever sta[)le” or "up! 
do it. But cotton could never be cheap un- first grown in t 
less there was plenty of it, no matter how the coast. Th 
fast we could spin and weave it. And what and it clings mi 
the cotton gin did was to let us grow plenty Now the cot tor 
of it. take the secfls <i 


as cotton. Now cer- 
tain kinds of cotton 


it. this is full of the downy fiber that we call 
he "seed cotton.” When the petals of the cot- 
U, ton blossom fall away, the boll grows fat 
ng w'ith its swelling down and finally bursts into 
m four or five divisions. Each division holds a 
he "lock” of cotton. 

lie Every lock of cotton contains several little 
)n hard, brown seeds. The thick fu/z, green- 

In the circle is a portrait of Eli white, that 

Whitney, inventor of the cotton clings to the seeds is 
gin, and below is a picture of i, , \ i 

the first cotton ^n itself. the "lint.” And 

It will be good news for ]int is what we know 
amateur inventors that this . ^ 

- famous machine's teeth as Cotton. Now cer- 

: , — tain kin* nf cllon 

rows of little brushes have a long lint that 
oatofMr8.Greene-s 

t ached to the 
seeds. This cot- 
ton, probably 
first grown in 
India, was fi- 
nally brought to 
the souther n 
sl.ites of Amer- 
ica, but there it 
thrives only in 
ccTtain places 
in a few ^pots 
along the At- 
iTTntic coast 
and es])e- 
cially on cer- 

r Altia, ^ »lp I uiM iin'J tlii* N itiouiil Mumiiih lilill IslaildS 

ig near llie shore. We call it “sea island” or 
le "long-staple” cotton. Mul the common 


J till* N itiouiil Mi> 


Queer Cousins of the Cotton Plant 

Now that is rather a long story. I’he cot- 
ton plant, which is so beautiful that it was 
once grown in our flower gardens, is a cousin 
to the hollyhock and the milkweed— whose 
coarse and crinkly pods, as nearly everybody 
knows, are full of delicate down. The cotton 
plant also bears a pod, called a "boll,” and 


near llie shore. We call it “sea island” or 
“long-staple” cotton. Mul the common 
kind that grows all through the South and 
in many other countries is called "short- 
sta[)le” or "upland” cotton because it was 
first grown in the rugged regions back from 
the coast. The lint from this is shorter, 
and it clings much more tightly to the seeds. 
Now the cotton gin is simply a machine to 
take the seeds out of the .short-sUiple cotton. 

Almost from the very start, we began to 
glow a certain amount of cotton in our 
southern colonies. The seeds were brought 
from the West Indies, from Italy and Egyjit, 
and the gin we used for taking the seeds out 
of the lint was patterned after those that hacl 
been used in India for countless centuries. 
This gm looks a little like a modern clothes 
wringer and is called the "churka.” It has 
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IMintit liN N ^ Viililii lilirirv 

Even in the old days the life of laborers ^*way down songs now loved in many lands. Sometimes, as in om 
south in the land of cotton” was often gay enough. picture, they laid their work aside to strum the banjo 
Bending over their task as they carefully picked out and dance and sing to their hearts’ content And here 
the cotton seeds one by one, the slaves sang haunting come fine ladies from the master’s house to watch thefun. 

two wooden rollers, cadi about a foot and a out of his cotton before he marketed it. 
half \on^, ])lacc(l in a wooden frame and Of course he kept on growing a certain 
turned by a trank. The rollers do not quite amount, because he had Negro slaves to take 
toiuh; there is a s]iace between them alnmt out the seeds by hand, at night, on rainy 
wide enough to let through a very heavy days, and at all other times when they were 
blotting pajier. When a lock of cotton is doing nothing else. He always had work for 
passed between these rollers, the lint may the Negroes, even for those who w^ere still too 
be pulled through, but the seeds will stay small for any other job. But what a slow 
behind. Thus the cotton can be ginned, but and tedious task it was! In the evenings, 
only very, very slowly. after the day’s work in the fields was done, 

the Negroes would take home baskets of seed 
The Old Enemy of the Planter cotton to be cleaned by hand until bedtime. 

From the outset this kind of gin made Sitting about in groups, singing, laughing, 

trouble for the American planters. The talking, they would pick out the shiny brown 

thing works pretty well with long-staple seeds one by one. And Ikjw little lint a 
cotton, such as grows in India, but it is slave could clean in an evening! Not much 
almost useless for ginning the short-fil)er more than a shoeful, it was said. That would 
kind, the only kind that grows well in our be less than a pound of lint in a day, or less 
cotton region. For the fibers are too short than a bale of cotton for one person in a 
to be easily j)ulled through between the whole year. The future of King Cotton in 

rollers, and the lint clings far tiK) tightly to America did not seem very bright. The 

the seeds to come off readily. So the Ameri- climate was just right for the plant, the soil 
can planter had a bad time getting the seeds was suitable, and slave labor w^as abundant, 
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but hardly a planter could grow and clean 
more than one acre of cotton in a season. 
Little indeed was the cotton that reached 
the mills of England. And because it was 
so little, the price was high. Raw cotton 
cost as much as twenty-five cents a pound, 
and when it hail been made into cloth it was 
so exj^ensive that the poor could not afford 
it at all. 

This was the state of affairs until almost 
the year 1800. Then, by a mere chance, the 
cotton gin, almost as we know’ it today, was 
invented by Eli Whitney, a young man from 
Massachusetts. Until the year when he in- 
vented his device he had never seen a field of 
grow’ing cotton. Once he had made it, the 
planting and weaving of cotton soon l)ecame 
one of the world’s great industries, the future 
of the crop in our own Soulli was assured. 



Here is cotton falling into gin stands from eirtractor- 
feeder machines, where many revolving teeth have tom 
the seeds from the bolls. Four gins speed the job. 


and changes began that fill our histories. 

Eli Whitney was born in West boro on De- 
cember 8, 1765, and grew^ up to be a skillful 
craftsman and a mechanical genius. On his 
father’s farm he mended the chairs and cart- 
w’heels for the neighbors, and did all sorts of 
similar jobs. 'Fhere is a story that even 
w’hcn he was a little boy he feigned illness 
one Sunday morning so that he might stay 
home from church and take apart the new' 
clock that his father had just bought, while 
the family was away. For he had a passion 
for tools and for machinery of ever\’ kind, 
and he w’as cleverly inventive. 

After graduating from Vale College in 
1702, W hitney took a boat from New' York 
to Savannah, where he was gr>ing to teach 
school. On the trip he found a friend in 
Mrs. Nathanael Clreene, widow’ of the famous 
Revolutamarv general; she took a fancy to 
the bright young man and invited him to 
make his home at the mansion on her great 
Southern plantation, d'here young Whitney 
was well liked by everybody, and espeuallv 
by JMiineas Miller, a Ma.ssachusetts man who 
was the superintendent of the |)lantalion 
W hitney quickly got a name for being able to 
“make anything,” and this led to his invent- 
ing the first good cotton gin. 

A Great Invention Made of Scraps 

• One day some planters from the u|)lands, 
gue.sts at the (ireene mansion, were lamenting 
that they could grow and clean .so very little 
cotton. W hitney asked the reasjin. W hen he 
learned how hard it was to clean short-staj)le 
cotton he said he thought he could make a 
machine to do the w'ork. So he set about it. 
He had very few' tools, and he had to dew’ise 
and make many that he needed for his task. 
He lacked certain materials, too, and for want 
of projier ones he had to use whatever was 
at hand. He ev'en cut u[) a cage in which 
Mrs. (Ircenc’s daughter was keeping a pet 
bird he needed the wire! At last, with his 
homemade tools and his makeshift materials, 
he carried out his plan. And it proved to be 
simple enough. 

The first cotton gin w’as a boxlike con- 
trivance about two feet square. At the top 
was a t-opper with sides curvcxl to fit over a 
cylinde? beneath and notched into many 
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narrow slits. The wooden cylinder, turned 
by a crank, was set with rows of teeth made 
by driving short curved wires into the cylin- 



highest courts of the land, but in the end he 
lost all the profit that he might have gained 
from his laliors. Several southern states paid 
him small sums of money for his patent 
rights, but since cotton gins were soon made 
on every sifle, Whitney never made much 
out of the machines after that. Hut he grew 
rich in spite of all. He soon started to make 
firearms at Xew Haven, and was clever 
enough to amass a small fortune before hi *5 
death on January 8, 1825. 

From Whitney’s time until this very day 
there have lieen fairly few improvements in 
the cotton gin, and none in its essential jirin- 
ciples To-dav , of course, the cotton 
gin is a huge machine, driven by 
steam or by electric po^^er. 
Thousands of the machines 
arc scattered through- 
out c\er\ region ^^here 
cotton is grown. Gin- 
neries, as they are called, 
^ dotted all 

iH 1 over the 


South . 

Just as 
soon as 
cotton 
could be 


in the .ides of the hop- a 

fTnisheT Wimn‘v th 

th^ev^rhlndful of"-'' 

seed cotton into the Hji; Jf HV soon a 

hopiKT turned ^ J|K JjH H 

tugged ^ 

lint, tamed it thiough iHr* 

the .slits where it dropjjed 
into a basket lielow, and 

the # 1 ^ I if* 

hopper. This 

di(l the work of ginning i.ipidh 

and well. King Cotton was saved. X \ * * 

Henceforth cotton was to be had b\ ' 

On Mart h 14, 1704, Whitney pat- f" 

ented his invention. Soon afterward ^ Kr * 

he joined with Phineas Miller in a ^ j 

partnership for making the ma- ^hot^ in v.ture \UK»,nc«ni u.o i »m Afncnn ivprn,u.K.c. 

chinch Then h» .roubles l,csa„. lu £S'jrrtVir,,f^tur»,‘?rr.aj 


1 *^ 




chines. Then his troubles began. In iJunter* 
1796 a Georgian named Hodgen the gina 
Holmes began to mjike a gin in wh ich ® 

thin metal disks, notched like a saw, 
took the place of the row^s of wdre teeth on the 
cylinder of Whitney’s gin. Whitney claimed 
that Holmes had stolen the principle of his 
invention, and took the matter to the 


the ginae^. In the center his heir is being skillfuUy combed 
clean of sticks and leaves and seeds. At the bottom he is waiting 
in snug bales to be shipped to the mills. 


rapidlj' ginned, the South began to plant it by 
thousands of acres. The year of Whitney’s 
death, our exports of cotton were worth much 
more than all other «xix)rts combined. 


407 




The STORY of the REAPER 

Reading Unit 
No. 9 


THE MACHINE THAT MADE 
BREAD CHEAP 

Xotc: For basic information For statistical and current facts, 
not found on this pa^e, consult consult the Ru hards Year Book 
the general Index, Vol. 75. Index. 

Interesting Facts Explained 

How grain was reaped first of all, Cyrus McCormick succeeds with 
10-409 the reaping machine where his 

The sickle and the scythe, lo- father had failed. 10-412-13 
409-10 Reapers for the West made at 

Why reaping wheat was very Chicago, 10 413 

hard work, 10 410 The self-raking attachment, 10- 

How the rea[3er made work easy, 413 

ia-4i2 A twine binder invented, 10 413 

Things to Think About 

How did the reaper helf) to make Whv' must the wheal crop he cut 
a new world? within ten days aftiT it ripens'-* 

Why was the harvesting of grain How has the reai)er helped us 
such hard work? get our food? 

Picture Hunt 

Why was the work in the harvest ' What were the chief advantages 
fields very heavy in days gone of the early McCormick reap- 
by? 10-409-10 ers? 10 41 1 

Related Material 

Why were the English Corn Laws Name the different varieties of 
hated? 6-95,12 -442 wheat, 9-98, 100 

Where is wheat grown? 9-98, Where is wheat stored? 9-236 
loi How did the American Indian 

What diseases ruin wheat? 2- squaws make their flour? 9- 

138. MO 239 

Who planted wheat in the New How is wheat turned into flour in 

Stone Age? 5-^5 our modern mills? 9 233-36 

* 

Summary Statement 

With the coming of the modern tion. Immigrants flocked to 

reaper, workers could harvest ten North America and Australia to 

times as much wheat as before, grow enormous quantities of it 

with the result that vast tracts of and bread was cheaper the w<jrld 

land were opened for its produc- over. 
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Under the ihadow of mountains in the Gallatin Na« machinery — plows, harro^ cultivators, weeders, and 
tional Forest this Montana farmer is using the **com- drills for planting. A big one will do the work of 
bine” that will cut and thresh his wheat— and clean the from 12 to 30 horses. All these devices save labor 
grain as well. A tractor, which he is driving, pulls and so bring down the cost of food. Since they are 
the machine through the field and will also haul other costly, small fanners own them codperatively* 

The MACHINE THAT MADE BREAD CHEAP 

This Will Tell How the Great Reaper Gave Us Ten Times More 
Wheat than We Used to Have a Hundred Years Ago 

|—7^NV wiM animal spcMids just about all Now this is the story of one of the great 
his time doing two things. He sleeps machines that he has made to help him get 
■ and he hunts for food. When he is his food. It is the reaper. This machine 
not sleeping, he needs nearly all his lime to cuts his grain for him; and his grain is prob- 
get enough to eat. And that is about all he ably his most important food, for out of it 
ever does. comes all his bread, and many of the other 

;\ man is different because he does so many things he eats, 
more things. The reason he can do so many The first men who ever reaj>ed a little grain 
more is that it no longer takes all his time must have simply j)iilled off the heads hy 
to get enough to eat -as it ustnl to, long ago hand. How long they went on doing that 
in the beginning. And the rea.son why it no we do not know. Hut surely implements to 
longer takes all of his time is that he has help with their little crops must have been 
foundouLwaysof getting so much more food among the earlier inventions. There was 
than at first, and getting it so much faster, soon some sort of knife to cut the grain— 
At first he had only the meat and fruit and made at first, jierhaps, of stone, and later of 
grain that Nature grew for him, but now he bronze. With a knife they could cut several 
can grow a thousand times as much as she stalks at once. 

ever supplied. And he can grow all these so Then the knife was curved, or grew into a 
easily that he has a great deal of time left sickle, and still later it w'as made much 
over for other things. longer and grew into a scythe. And these 
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IMiuUi by Hcianro MiiHPiiin. J ifiKimi 

By 1851 McConnick had made hia reaper into a two workers. But the cut grain still had to be raked 
thoroughly workable affair, and was selling it rapidly off the machine to the ground and bound by hand; 
in Chicago* IVow it had two horses, and seats for the so a crew of some eight men was still needed. 

4^1 





could then la> it down in neater rows behind a rotating \\ 
him. That meant less trouble for the binders so that the 
who were following. But it was still terrible either, 
work to “bind behind a fast cradler” as But this 
the writer of these words 

rin upII fi/mi In this little shop new Lexing- 

can well remcniuer liom ton, Virginia, Cyrus McCormick 

the hot da\s of i made his first reaper. Above it 


his own bo\- 
hood ! 

And then 
came the great 


In this httle shop near Lexing- 
ton, Virginia, Cyrus McCormick 
made his first reaper. Above it 
IS a picture of the testing of that 
first machine. And at the 
right is a picture of the inven- 
tor when he had won fame 

r at home and abroad and 
was the head of a great 
business enterpnse. 


heel threw the grain to one side, 
horses would not step on that 

never made its way. If there 
were weeds or coarse grass in 
the wheat, they made trouble 
for the machine. And the farms 
in Kngl.ind were too small to 
need it, or often too hilly to use 
it well For of course a long, 
straight blade is bird to use 



price of bread went down 

The Vision of a Humble Blacksmith 

In 1828 a Scotchman named Patrick Bell 
made a good reai>cr, perhaps better than 
anything we saw in America until some 
twenty years later. It had a long blade 
near the ground with a set of big teeth like 
the little teeth in a saw. Just above it was 
another blade with similar teeth. As it rolled 
along, the top teeth moved from side to side, 
over the lower ones, and cut down the grain 
just like so many pairs of scissors. The 
horses were hitched behind the machine and 
pushed, so as not to tread on the wheat; and 


cl f.irmtT, and 

also a bit of an in\enlor, and he had a s.iw- 
mill and a blacksmith’s shop on his ow n lan<l 
For \cars he set his heart on making a rca])- 
mg machine, and he put many of his idc\is 
into wood and metal At last in i8^j the 
machine was made, though In that time the 
son was the invdUor rather than the fathci 
In this machine the horses were in front, 
though not in the wheal, for the cutting 
blade swung out to one side behind them. 

But it is one thing to start a machine, an- 
other to perfect it, and still another to get 
people to use it. At the very first public 
trial the machine failed, and the father cried 
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THE STORY OP THE REAPER 


out bitterly, “I am through with it!^’ But 
the son went right on. A little iater it was 
working better, and after a year of improve- 
ments, it had another public test. People 
came for miles to see it. 

The Doom of the Scythe 

A man named Ruff had offered his field 
for the test. At the very first, the rcajjcr 
seemed to work badly, and Ruff cried out, 
“Stop your horses— you are ruining my 
wheat!*' So things looked pretty bad. The 
people around began to make fun. But they 
wanted the machine to fail because they 
were afraid it would take away their work. 
They wanted to go on with a scythe forever! 
But just then a rather noted man named 
Taylor rode up. “Pull down the fence and 
go into my field,” he called out; “J‘11 give 
you a fair chance!” 

And on Taylor's level field the reajier tlew 
along. At the end of the day it had cut six 
\^lu)le acres of wheat. And then it was 
hauled into ihe town of Lexington and shoun 
in the cijurthouse s(|uare. “1 thoughi it was 
a right smart curious thing,'’ said one woman, 
“but that it wouhln't come to much.” 

At once Cyrus Hall Mc Cormick set about 
making machines. By he had one that 
cut twelve acres in a day. But ev’en at $50 
each he had a hard time selling them. He 
finally sold seven in 1842, twenty-nine in 
184^, and fifty the next year. Then he 
thought he s:iw .success at last. 

When stime orders came from the West, 
he had no notion how to send out the ma- 
chines. Tliere was no railroad running west. 
So he started out himself to see the country, 
going by boat, stage, and horseback. For 
the first time he now looked on the vast 
prairies, and saw’ wdiat his reaper couUl really 
do. In Illinois he scuv great wheatfields too 
huge to cut, with the hogs and cattle tranij)- 
ling over miles of them. 

Then he went home and made a new model, 
but he now knew^ the machines w’ould have 
to be built in the West, where they were 
needed. So with great good luck he hit 


upon Chicago as his place. He had no 
money, but the mayor of Chicago, William 
Ogden, supplied the cash. Ogclen put up 
$25,000 for a half interest in the business, 
and the factory was begun at once. 

In the first year five hundred machines 
w'ere built, and in the next year fifteen hun- 
dred. 1 'hen McC’ormick bought out Ogden 
for $50,000. He and his brothers now began 
to jiile uj> a vast fortune. 

The machine was steadily improved and 
perfected. When an invaliti named Atkins 
saw’ a reaper w’orking outside his window’ 
and inventcfi a self-raking attachment, Mc- 
Cormick bought the irlea. By 1874 came 
the invention that enabled the machine not 
only to cut the grain, but to bind it into 
sheaves. At first it used a wire for the 
binding, but the wire sometimes hurt or even 
killed the cattle that fed on the product, 
'fhen a twdne binder was invented by John 
Appleby of Wisconsin, and McCormick 
bought this too. I'hc machine went on im- 
proving until it grew to be the reaper that 
w’e have to-day, and the company that made 
it went on enlarging and combining until it 
became the ]>resent International Harvester 
Company, manufacturing all sorts of farm 
machinery to be shipped to all parts of the 
world. 

The Empire Follows the Reaper 

Enormous quantities of grain followed the 
invention of the reaper, and bread grew' cheap 
all over the W’orld. A great deal of time w'as 
saved from haul labor, for other w’ork or for 
rest and recreation. The boundary of our 
frontier was i)ushed thirty miles farther w’est 
every year. Millions of men and women 
could come ox’er from l'-uroj)c to find homes 
in it. Great railwiiys were built into the 
West, largely to bring back the wheat. In 
other lancis, as in .\u.stralia, the reajier did 
similar things. Millions of j)eople all over 
the world w'ere better fed. And Cyrus Hall 
McCormick lived to see most of this happen, 
dying in 1884. He had helj)ed to make a 
new’ world. 




The STORY of EXPLOSIVES 


Reading Unit 
No. 10 


OUR PERILOUS FRIENDS THE 
EXPLOSIVES 

Note: For basic information For statistical and current fat is, 
not found on this page, consult consult the Richards Year Book 
the general Index, VoL !§. Index. 

Interesting Facts Explained 

When nitrogen becomes restless How rlynamite explodes, TO-417 
and violent, 10-415 T.X.T., one of the most terrible 

How gunpowder was discovered explosives yet discovered, to 
by accident, 10-416-17 418 

When nitroglycerin was invented, Blasting with liquid carbon di- 
10-416-17 o.xide and liquid oxygen, 10- 

How Alfred Xobel found a way 418 
of making nitroglycerin useful. Dust e.xplosions, 10 418 
10-417 

Things to Think About 

Why are violent explosives How has gunpowder changed 

counted among man s best men's lives.-* 
friends? What happens when the nitrogen 

What will make other things be- in dynamite gets free? » 
sides explosives explode? 

Related Material 

How is coal mined? 9-435i 440- How do we get marble out of 
42 (juarries? 9-381 

How is copper ore removed from How do we explain the presence 
the earth? 9-419, 421 of volcanoes? i -75-76 

How was the Panama ('anal cut? When is an oil well called a 

10-269-74 “gu.sher”? 9-450, 454 

Practical Applications 

How does the farmer u.se dyna- How are explosives u.scd in road 
mite to help him in his work building? 10-416 

on the farm? 10-41O 

Summary Statement 

Explosives, which get their among our best friends, but may 

power from their ability to ex- become our enemies when used 

pand rapidly to several thousand by an enemy country to bring 

times their original size, are about destruction in war time. 
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With the force of a small volcano a munitions ship has to fill a space a thousand or fifteen hundred times its 

just blown up Its cargo of powerful explosives—' original size Billows of smoke mark the spot, and 

stored into bombs and shells — suddenly has expanded rocketmg tracers lace the sky» 

OUR PERILOUS FRIENDS the EXPLOSIVES 

How We Can Pack Enough Power into a Little Cave to Blow Up a 
Whole Mountain, and What the Power Comes From 

HAT IS It that hdpjKiis whoii a thing slaiuts, iL is al\\a\s rca(l\ to break loose 

cxjilodcs? Win uill a stick of (l}na AMth great Molencc if it gets the chance, and 

mitc that IS (Mil \ about t\Mec the si/e its best chance comes \\hen it catches fire 
(rf a man’s lingei send a grea.t stone ll>ing or meets with a jar Then it gets free, and 
through the air, or tear the strongest r(x,k in an instant it turns back into the gas it 
to pieces? \>vantb to be. 

It is all because the d\namito has in it a Hut a gas, as we know, is ver>' thin and 
good deal of nitrogen (ni'tro-j^n) in a ^ery light and takes up a great deal of space So 
restless state. Of course nitrogen is not w^hen the nitrogen in dynamite gels free, it 
always restless and violent, but only when needs several thousand times more room 
It finds itself in company it does not like than it had in the dynamite — and it needs 
When it is perfectly free it is as harmless as the room on the instant! So it helps itself 
anything in the world, indeed, it makes up to the space, no matter w^hat is in its wav, 
about four-fifths of the air we breathe But and wc hav'e an explosion that rocks all the 
when it is united with certain other sub- neighborhood. 

4is 





IMi'itu (r>u^(<<•^ J 1 I>u J’ltrit «i«* Nrinoiirtt iml ( ci liit 

This jet of mud and gravel has been shot skyward by the explosion has made would require long hours of toil 

dynamite exploded by remote control. The well which if a pick and shovel had to do all the work. 


That Is all there* is to an explosion. In buildings or other structures either in dear- 

iiearly every explosive substance - gasoline, ing space or in stopping the j)rogress of .i 

gunpowder, dynamite, TNT- the principle city fire, to control forest tires, to blow out 

is the same. .All of a sudden a gas has had a oil-well tires, and even to sel'^ivets b\ ex- 
chance to get free into a much greater space; panding the bolt in its seal in tliat wa\ 

and if there is heat, too, it makes the gas saving a great de.il of time, 

need still more room, for heat make.s ga.ses Of course it is in war ih.it we see e\])losi\es 
“expand,*’ or spread out. at their deadliest. I'here lhe\ are pul to 

And yet lhc.se violent explosives are among work in a great many murdenius ways, 
the very best friends of man so useful that Their invention goes far back into the 
the United .States manufactures them by the past, and ilear anaind the world to China, 

hundreds of millions of tons every year. Hut it is possible that in their ])resent form 

Dynamite is u.sed to dig ditches for drain- they were lirsl made b\ Roger Hacon, an 

age or irrigation or for laying a j)ipeline, to English friar who may be called the lirsl 

prospect for oil, to clear land of stumps and great modern scientist. Sometime before 

boulders, to loosen earth w'hen we want to 1242 he seems to ha\ e act idciitally discovered 

plant trees in an orchard or stop .soil erosion, gunpowder, the first real explosive; for hid- 

to settle highw'ay fills in soft ground with den away as a pu//.le in one of his books is a 

the saving of several years as a result to formula he left us for making it. Of course 

sink wells, to make holes for posts and pole.s, the guns for using it still had to be invented, 

to break log jams or ice jams that are causing but in the next century they had begun to 

floods, to exterminate mosquitoes by dig- appear. For five hundred years gunpowder 

ging ditches for the drainage of swamps, to w'as the only explosive known. Ft is made of 

kill burrowing animals, such as woodchucks charcoal, sulphur, and salti)eter - and in salt- 

and gophers, to kill sharks for their leather, peter the uneasy nitrogen has been combined, 

to stampede fish into seines, to demolish There arc few things that have changed 
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'r<) set off dynamite one must strike it a 
hard blow. Then, with a tremendous bang, 
the nitrogen gets away. The nitrogen and 
other gases formed by the exploding nitro- 
glycerin in the dynamite expand to ten thou- 
sand times their original volume. But dy- 
namite does not burn as gunpowder does. It 
just “goes *>ff” —or detonates (det'o-nat). 

We do not set off dynamite by giving it a 
direct blow. The blow’ is dealt by still an- 
other explosive - a much more sensitive one, 
such as tetryl ftCt'ril) ()r lead azide (az'id). 
A tiny bit of this is put into a small aluminum 

Here are two of the many ways in 
which explosives are used to serve 
mankind. As you see in the top 
picture hills are blown away and 
valleys are filled in with the 
loosened earth to make the broad, 
smooth highways like the one 
under construction at the left. 
The miners below are placing 


--A' 


.•v:’ ■' ■ 


mcirs liws nun h more tlian gunpowtler. 
.\rmed with .i gun, the weakest man wa‘^ 
stronger than the mightiest knight in armor. 
.\nd after ju>wder and guns came, the knights 
soon went out of fashion. 

It was not till 1S47 that a new’ explosive 
was discovered. In that year an Italian 
clnmiist named Sobrero (so-bra'ro) inxented 
nitrogU cerin (nT'tro-glls'er-In), a hea\y, oily 
licjuid made by treating ghcerin witli nitric 
and suli)huric acid, riie nitrogen from the 
nitric acid is so restless that nitroglycerin 
w ill explode at a slight jar-- and without any 
warning. Vet under just the right circum- 
stances it will burn quietly in the o])en air, 
and it is sometimes used as a medicine. But 
when it is confined, a shock or heat will send 
it off with terrific force. 

It w'as not till i8f)() that Alfred Nobel, a 
Swede — and the man who founded the fa- 
mous Nobel prizes - found a way to make ni- 
troglycerin useful. He soaked sawdust or 
wood pulp in it and then pressed the mixture 
into sticks. The result was dynamite, the 
most useful of ail our explosives. 


I'tioiiijit tour 
t«H\ I I I>u 

I' out I (> 

N*»iih urs iiiwl 
i < llK 


fuses in holes filled with dynamite. The 
coal thus blasted loose can be gathered 
quickly and easily. 

or copper cap which is exploded from a safe 
distance. This •‘|)rimer'’ (pri'mer) gixes the 
shock that sets off the dynamite. Just after 
dynamite was inxented, guncotton appeared. 
This is a terrible explosix e, though it is noth- 
ing but plain cotton soaked in nitric and sul- 
phuric acid and dried out. If we light the 
cotton it will simply burn away with a hissing 
sound. But if it is compressed and set off by 
a primer, it will explode and the gas xvill rush 
away at the rate of three miles a second. 

A less violent explosix’e is needed to lire 
guns. Va rictus kinds of smokeless powder, 
which was first inx^ented bv a Frenchman in 
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With a tremendous roar the explosive will shatter this 
mountain of ice, and the fragments wiU float harm- 
lessly away« to melt in wanner waters. It is the 

arc u^cd in all armic^i lo da\ lht\ 
are called propellants, and are usuallv m idc 
of some explosive like gimtotlon mixed with 
other substances If they banged suddenly 
the gun would burst or be otherwise ruintcl . 
But when a smokeless jiowdcr, like cordite, 
is used, the shell is given an cas> push at 
the start and is then sent out taster and 
faster till it flashes from the muzzle of the 
gun at dizzy speed 

And this lb important because the shell 
itself lo filled with a powerful explosive I his 
substance is set oil either by a time fuse in 
the shell or by the shock of hitting the 
ground TNT is the nickname gi\tn to 
the most common high explosive used in 
shells Its real name is trinitrotoluene (tri- 
ni'trft tdl'fi-en). Only since 1900 has it been 
used in shells When it is pure it is very 
safe, and has long been used in making dyes 
INI mixed with c>clonite makes the still 
more powerful RDX, widely used during 
World War II in bombing I uropean cities 

When combined with ammonium nitrite 
INI makes an explosive called amatol, 


business of boats m the United States Coast Guard, 
as this one is, to shatter icebergs reported in American 
waters, for icebergs are dangerous to ships 

which has been wideh used foi filling shells 
Coal miners mostlv use ininu)nii (KnimiU 
or gelatin dvnamite for these do not set toil 
dust and gas on tin (.elilin d\naniitt 
most jxiweiful of all industrial explosives is 
made by dissolving guncotton in nilroglve 
cun Luiuid c*irbon dioxide (di Ok'sieP is 
used for the same puiposc In icSqo luiuid 
oxygen was iirsl used, lor blasting out the 
famous Simplon tunnel in Switzerland All 
explosives apjirovcd by the L S Buitau of 
Mines for coal mining arc known as “per- 
mibsil)lcb 

Other things l)esidcs explosives will ex- 
plode The (lust in a coal mine can “blow 
up’ The fume^s from gasohne will burst 
into flame and drive gas engines I he gas 
from a gas stove will flash out with a bang 
But these things must have oxygen before 
the explosion can take place, for the flame 
that causes it must have oxygen to burn 
All common explosives contain a compound 
which, on being heated, breaks down and 
provides the oxygen needed t or t his reason 
they d> not depend on the presence of air. 
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The STORY of COUNTING 


Reading Unit 
No. 11 


OUR FINGERS AND OUR FIGURES 


Note: For basic information 
not found on this page, consult 
the general Index, VoL 15, 

Interesting F 

Why numbers are the same all 
over the world, 10-420 
The way men found to write num- 
bers, 10-421 

How the Babylonians counted, 
10 421 

Greek and Roman numbers, 10 ■ 
421-22 


For statistical and current facts, 
consult the Richards Year Book 
Index, 

is Explained 

How we j<ot our numbers from the 
Arabs, 10-422-23 
Why we call twenty a “score.*’ 

10 423 

How algebra is a short cut in 
counting, 10-424 
Machines that do our counting 
for us, 10-425-26 


Things to Think About 

Why did it take the Arabic nu- Why did people count by scores? 

morals a long time to replace Why was algebra a very imjior- 

thc Roman ones? lant invention? 


Related 

What do we know about the 
Father of (ieometry? 13 373- 
74 

Of what use to us is the lalculus? 
13-520 

What do algebra and geometry 
owe to Descartes? 13 -13-14, 
108-9 

What great scientist invented a 
Practical 

What sa\es modern bookkeepers 
a great deal of time and trou- 
ble? 10-426 


Material 

new* kind of clock? 13-377 
Was Xewton interested in mathe- 
matics? 13 400 
What use did Ohm make of 
mathematical calculations? i- 
5 US-16 

What is a ‘‘watt**? 1-509-10 
How is (ireenw’ich time used to 
reckon longitude? la 459 

A pplications 

What different ways can we use 
to count things? 10-423 


Leisure^time A ctivities 
PROJEC^T NO. I : Make a chart 10 422 

to .show some of the ways in which PROJECT XO. 2: Make an 
men have wrritten numbers, abacus. 10 423, 425 

Sufnmary Statement 

All of mathematics is based on ent kinds of things to count and 
counting, but as man advances a great many different wa\s of 
he finds out a great many differ- counting them. 







(*(>iir(o> ltit<>rnHl innal Piutiru’M** Mailiinra 


Figures of any kind are no trouble at all for the ma> It prints and prepares records and reporfs on cards that 
chines you see in this picture. The large electric one in are fed to it correctly. It can do things human beings 
the center, for example, is a wizard at numbers. It can can*t do, and it works much faster but human beings 
add, subtract, classify, and work out all sorts of totals. ' still are needed to operate it. 

OUR FINGERS and OUR FIGURES 

This Is the Story of AH Our Ways of Counting. Did You Know 
that You Use the Decimal System because You 
Have Ten Fingers? 


If you were in China and wanted half^ a their fingers just as children often do to-day. 
dozen eggs, you might not know how to ask Even now we can find the natives in Africa 
for them; but you could point to the eggs counting first on one hand and then on the 
and hold up five fingers of one hand with other. Of course they do not go very high, 
one finger of the other. You would get your but they can count as far as they need, 
six eggs. And the same thing would happen They have little to buy or sell, no rent to 
in Mexico or Madagascar or an3rwhere else, pay and no money to bank; so they need no 
The names of the numbers would all be dif- higher mathematics. If they want to remem- 
ferent, but the numbers they stand for are ber their numbers they make a few notches 


“i|!|UMBERS are the same all over the the same all over the world. In a pinch, 
jV; earth — even more so than the fingers fingers will always do. 

on which so many people count them. Now' the carlv people learned to count on 
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HOW WE LEARNED TO COUNT 


on a stick or scratches on a stone. That is 
all the bookkeeping they do. 

When people had learned how to write, 
they soon found a way to put down numbers. 

At first they just made 
some sort of plain 
mark — /// for three 
and ///// for five. 

But of course they 
could not write any 

very large numbers in jBteSEB! 

that fashion. So the 
earliest writers that 
we know, the Kgyp- 
tians, soon invented a 
special mark for ten — 
was like a U turned 
u])sidc down, 'rhey 
could make plain 
marks up to nine, but 
then they would start 
over again, f) was ten, 

/fl was eleven //fl 
tvNelve, ///nriA 
\\as thirty-three, and 

// //n ^ d \ was fifu - ^11^1 

///n:i / seven. 

riiese were all such MMlflBHHi 

.simj)le signs that any 

Kgyptian could r< ad by M( troiHilitau Muwmiui of Art 

them and keep his ac- have ever felt that i 

counts, even though the world’s mystery. Pyt 
, , , ^ ^ . opher, made a religion oul 

he could not read and another thinker have spot 

write the laniruaire *^® Many, 

w rue me lan^jUagt numbers, such as tl 

that he spoke. mystery lies in “infinity,” 

Hut not all the old “"“‘LTl , 


inem and Kctji nis ai- have ever felt that numbers held something of 

rtuinls ev’en thfiuirh the world’s mystery. Pythagoras, the Greek philos- 
i uujiL^, vvi 1 I u^i ^ religion out of them. Plato and many 

he could not read and another thinker have spoken of God and creation as 
writp tlir> 1 'iiifrivirrp the One and the Many. There have always been 
' b ^8 sacred numbers, such as three and seven. Even more 
that he spoke. mystery lies in “infinity,” which is vastness beyond 

UiH -ill numbers. Something of this sacred mystery is ex- 

liUl not ail int ( id Jn the beautiful figure above, which comes 

]>C‘oplcs were so clear, from an Egyptian tomb of about 500 B.C. Its meaning 
'T'l 1 1 : 11 is “millions of years.” 


The Babylonians had 
a harder way of wTiting numbers. 
Babvlonian number: 


staiul for sixty or for one, according as they 
begin or end the number. 

The Babylonians used to count by sixties 
instead of hundreds, just as we count our 
minutes and seconds 
on the clock to-day. 
A# In fact, we may have 

jB got our sixty seconds 

and our sixty minutes 
1^ from their way of 

W counting. 

11 Aside from Baby- 

I 1 Ionian sixties and 

W m 1 Egyptian hundreds, 

there have been and 
still are many other 
ways to count. Some 
tribes have counted 
mm by fives, because we 

^9 ^ have five fingers on 

W f 7 hand; some by 

■ ^ i tw'os, because we have 

K hands and feet, 

F two eyes and ears ; and 

some, like the Eski- 
mos, by twenties, be- 
cause we have twenty 
BBBHBPIIBL fingers and toes. But 
most Eurojx^ans have 
always counted by 

imbers held something of tens, like the Egj'p- 

agoras, the Greek philos- tians, because of the 
of them. Plato and many ^ / .1 . 

n of God and creation as ten fingers on the two 
There have always been Konrlc 
ee and seven. Even more ‘ />. 1 

which is vastness beyond Thus the Greeks, 

»■''<> 'i'* 

tout 500 B.C. Its meaning Egyptians and Phoe- 
of years.” nicians, took ten for 

their ba^sic number: but instead of mere 


Here is a their ba^sic number: 


Can you tell how' much it is? 

It looks like six arrowheads pointing dif- 
ferent ways, because the Babylonians wTotc 
by making wedge-shajicd marks in soft clay. 
The number here is 142, and this is the way 
to count it: 60 -f- 60 (the first two big 
arrowheads) +10+10 (the two little arrow- 
heads) + I + I (the last two big arrow- 
heads) = 142. The same big arrowheads 


marks for one, Iw’o, three, and other num- 
bers, they used letters from their alphaliet. 
T'hc Greek w’ord for “five*’ l>egan with the 
letter />, or and the letter stood for “five.'’ 
The word for “ten” began with d, or S, and 
that sign stood for “ten.” And so on for all 
the other numbers, with combinations as 
the}' grew larger. Of course this was fairly 
clumsy, and it was pretty hard to do arith- 
metic in Greek. 

The Romans used a few plain marks and 
a few letters with them, and made up a sys- 
tem that was a gooti deal easier. For one, 
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two, and three they used plain marks. For 
five they used a V, which seems at first to 
have been the picture of a hand, and for ten 
they used two of these, one of tliem upside 
dow'ii, like this: 

V 

A 

In time this sign became an X. For fifty 
they employed Jw, for a — **.*1*^^**.*...^ 
hundn-d C, for five KKROOLYPHIC PHC 
hundred T), and for a HIERATIC 

thousand M. With ~ ^ii 

these few signs they I CjJJ 

could wTite their num- “r. u , 

bors. _ll j 

but they still had m ^ I 

some further tricks. _JL!! _ 

Thev never used more |||| \ 

than three straight Jlli u''-- J ^ 

marks together f lllil I ^0 II 

111 for one, two, and — 

three. Four w'as 1 \", or n A/A - 

one from five, and nine — — 

W'as IX, or one from in MAI i 

ten. So XC was - 

ninety, or ten from a ■ > * » ^ ^ 

’ undred. I 1 ie Romans p ^ 

wrote “ten from a hun- — 

dred’' for ninel\ just as 


HKROOLYPNIC PHOENICIAN ENGLISH 
HIERATIC SYRIAC 


<“13 \m 

X'i Hill 


05*,:; 


older ways of counting, and they remained 
in use for nearly two thousand years. As 
late as the end of the Middle Ages scholars 
couhl still add and subtract in the signs that 
had come down from ancient Rome. 

Vet long before that time we had far belter 
numerals - ilie ones w(‘ are still using to-day. 
And these came from the Arabs. But the 
iVrabic numerals did 

iiciAN English! ■'’"y 

SYRIAC place the Roman ones 

f ”1 i all at once. In fact they 

/ I look several centuries 

I Jm meanwhile the two sys- 

V| terns liver I on side b} 

• • O side, with one slowl\ 

I uu A losing and the oilier 

- - slowly gaining. For 

II ^ wlu‘n men h.i\e learned 

— to count in one wav, il 

^ 7 10 is pretl\ hard t( gel 

— — tiu'm to use an\ other 

^ 7 II If we surldtmlv dis- 

~ lONcied now that the 

^ 2 O C'hinese had a better 

o|^ "X! lOO of ( oiinling than 

— w’e have, rlo vou sup- 

pose we should lake il 


Wf- cqv Miiqrtcr In This table gives some of the ingenious ways in which - tn-iTtnrrow > B\ 
we sa> a quarter 10 men have written numbers. Of the two systems at loiTTorrovN. n\ 

tw'elve*’ for “fortv-live the left, both Egyptian, the hieratic gave many hints no means. In fact, we 
»» *0 the Phoenicians and Syrians. But none of them .,,,.,^,,11 f, 4. ^ 
minutes after ek\tn. looks much like the English -or rather the Arabic, still n lU’^ing to take 

[)id vou ever trv to ^ ®re to give the credit to the people who intro- over the I'rcilcli W'av ol 
, , , , " . duced it into Europe. 1 . *• u 


add and subtract in 

Roman numerals? ft looks hard until you 
try it, but then it j)roves fairly easy after all. 
This is about the w'a> a Roman schoolboy 
did it: 

X VII - 17 

XX IV - 2 ] 

LXXX VIII - SS 

XXX III - ;;; 


( ('arry C ) ( ( 'arry X X 1 
The boy separated the units from the lens 
just as we do. Then he added up — ma>be 
on his fingers! — and “carried ovcr“ just in 
our way. In this sum he carried XX (twenty) 
over from the units, and C fa hundred) from 
the tens. He coulfl do this pretty fast. 

The Roman numerals were better than the 


t to the people who intro- over the Irciich wav ol 
to Europe. 1 • 

measuring and weigh- 
ing the “metric sv'^lem” though every- 
body knows il is better than ours. 

The Arabs’ Gift to Europe 

So although the first manuscript in Europe 
to Use Arabic numerals comes from the year 
(;70, the arithmetics were still e.xidaining the 
Arabic system very carefully as late as 1500, 
]>ecau.se j)eoi)le had been so long used to 
Roman figures. But finally the Europeans 
took to the counting system w'hich the hated 
Arabs, or Moors, harl brought with them 
when they came over from Africa and 
conquered Spain. And once their numerals 
were fully ad()i)tcd, the Roman ones were 
gone forever- though they still linger on 
the faces of some clocks, in inscriptions 
on some churches, in the chapter num- 
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IxTS in Cfrlain lx)oks, and in a few other 
places. 

These numerals were tkM really invented 
by the Arabs. They first came from the 
Hindus in Fndia, who were skilled in mathe- 
matics as lon^^ ago as the year 200. And 
the numerals as the Hindus wrote them look 
a good deal like the ones wc write to-day. 
They taught these numerals to the \rabs, 
aiul the Arabs ])assed them on to us. 

What Is a “Score”? 

We are all so used to "he decimal system 
that we often feel it is th(‘ only natural '\a\ 
<»f counting by tens. Ilut in 
tlie older da\s of luirope 
there were other wa>s of 
doing it. For in- 

staiuejhcold f ranks 
liked U) count by ^ 

lwaMiti('s. Whenever 
thev j)assed twenty 
the\ made a nv^rL or 
and that 

wh\ w'e still call 

twenty a ‘"score." So ^|g|g|||j|| 

“three score \ears and 
ten" are three tw'enties plus 
ten, or .seventy. And the 

l‘>ench to-day sav "four Jahies this w 
", , mg the Middle A 

tw’enties in.-itead of Every notch meat 


over the \rabic numerals. And yet we all 
Use the system a little bit. Nobody evei 
buys ten eggs; lie always gets a dozen. .\nd 
nearly all commercial stocks are counted by 
the dozen fir by the gross -which is twelve 
dozen. 

When jieople have once learned how to 
count, they soon ncerl to flo a little more. 
'Fhey need to add and subtract, multijily 
and divide, ami (hi still other things w'ith 
lh(‘ir numbers. So arithmi'tic is born, aiul 
w'c are not surprised to know' that it is a 
very old science. Of course j>e()])le did a 
gf)od fleal W'ith arithmetic befor(‘ any book 
was ever written about it. Hut a 
book of arithmetic w'as writ- 
ten in (ireecc by the fa- 
mous mathematician 
, ^ F.uclid fri'klidi. about 

m tw(‘nty-three hun- 

fired y(*ars ago, and 
another by the great 
a^'tronomer Claudius 
Ptolemy ^'tdre-mi) 
the second century 
after Christ. Py this 
time people could do 
\'eiy hard problems in arith- 
metic. 

re much used dur- \nd bv this time they had 


French to-day sav "four Tallies like this were much used dur- And bv this time thev had 
. ", r mg the Middle Ages to record debts. , ' 1 1 1 r,. 4U - 

tw’enties in.-itead of Every notch means a certain amount also gone a gfKul deal lartner 

‘V-iKht\;\imr‘fourt\v(ntks arithniflic. All uf 

\ . ,, made, debtor and creditor would split ••11 

ten for ninety. the stick into two parts, each taking mathematics is based on 

Hut iwonly too Iur to be °S.ounT We *d^M thS ^‘"’i)lc countinK, but as. mai 

convenient, and ten i's a good two parts together and see if they aclvances he tinds out a great 

deal better. Tt is bv no tallied. manv different kinds of 


ten" for "‘ninety." the stick into tw< 

Hut twenty is too bift to be SmounT of"thl *de*f 
convenient, and ten i's a good two parts togethc 
deal better. Tt is by no 
mc'aiis the best unit, however; an<l in fail 
our decimal system, good as it i^, remains 
inconvenient. For twelve w'ould be the best 
unit to use, and a duodcrimal (du'6-des'i- 
mrd) system— counting liy tw'elves -wouhl 
be a great inij^rovi'meiit on the decimal one. 
d'he reason is that tc'ii can be divided only 
by two numliers, two and five, while twelve 
can l)c divided by four Iw’o, three, four, 
and .six. So we cmild count and keep l»ooks 
a good deal better if we went by twelves 
instead of tens. 

d'he mathematicians have known this for 
a long time, but what chance is there of get- 
• ting people to change? Jt would be ten 
times harder than it was to gel them to take 


® ' many different kinds of 

things to count and a great many dilTerent 
w.i\s of counting them. For instance, he 
learns to count all sorts of angles, triangles, 
.scju.ires, cubes, and other figures —because he 
has to know' these things if lie is going to 
survey his laud, to build iiyramids, and to 
ilo many other tilings. And as soon as he 
begins counting and measuring such things, 
he is beginning geometry. 

Father Nile, the Egyptians, and Euclid 

The old I'lgyptians learned a good deal of 
geometry. Tt is often siiid that they had to 
<lo so; for the Nile ovortlowed every year to 
wash out all their boundaries, and in order 
to mark the boundaries off again they had 





to know something about angles and other 
figures. However that may be, we know 
that the great Euclid in Greece learned all 
he could from the Eg>'ptians and with what 
he added became the most famous man of 
all time in geometry. He wrote down nearly 
all there is to know about the subject; and 
to this day the boys in England who are 
studying geomctr>’ sav they are beginning 
“Euclid.” 


The business of algebra is to find out what 
X is; and the answer always comes out in 
figures. 


What Is Algebra? 

As people went on counting, they came in 
due time to algebra. 1 1 was a very important 
invention. We have seen how com enient it 
is to write dowm figures, instead of letters 
of the alphabet, for our numbers. But in 
algebra wc have found a short cut in count- 
ing by reversing the process— and we actually 
use letters in the place of figures. Sometimes 
when a large number has to be rej)eated 
many times, we just call it a for '-hort; and 
if there are several such num- 
bers, we call them a, b, c, and 
so on. Sometimes when we do 
not know what a number is, 

^ e simply call it .r until we ( an 
iind out. Until then it is an 
“unknown quantity”; and if 
we have several of these, ue 
can call them .r, y, z, and so on. 


Once Darius the Great had to leave 
some of his Ionian allies to guard a 
floating bridge in his absence; and 
this is what he said to them: **Men 
of Ionia, keep this thong and do as 
1 shall say: so soon as ye shall have 
seen me go forward against the 
Scythians, from that time begin and 
untie a knot each day; and if within 
this time I am not here, and ye find 
that the days marked by knots have 
passed by, then sail away to your 
own land!’* 


How Algebra Works 

For instance, sui)poso you had 8i cents 
and wanted to divide it with your brother so 
that you would have twice as much as he 
has. Let A" be what he gets; then 2 A", or 
t>^ice that much, will be what you keej). 
But A' + ’A = Si, which is to say that 
= 81. Now* divide by 3, and you find 
that A" = 27. d'heii 2A' = 54. So you would 
give your brother 27 cents and keej) 54. 

'Fhe e\|>ression “A' + 2 A' -= 8t” is an 
equation, with Si for the known quantity 
and X for the unknown one. All algelira 
works b} equations. Of course this one is 
very simjile, but sometime^ they are long 
enough to cover a whole blackboard and 
hard enough to take days or weeks t«) solve 

Algebra was stialied tor centuries by the 
Egyptians, Greeks, Homans, 
Ariil)s, and other peoples, but 
it was not really perferted in 
our form until the time ol Des- 
cartes (da'kart'), a Frenchman 
who dic'd in i0:;o. We get its 
name* from a IrcMtise on it w rit- 
ten in Arabic itboiil eleven 
hundred \ears ago, and called 
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m can do it faster, with less chance of error. 

It was the great Pascal who made an arld- 
Ing machine as long ago as 1642. Since that 
time the machine has been greatly improved 
and made to do more things, but its principle 
is always the same at bottom. For it rests 
on solid numbers, and these do not change. 

How an Adding Machine Is Made 

If we take a little wheel and divide it into 
ten parts, we shall have the beginning of an 
adding machine. Suppose we start with 
number i at the top of the wheel. Now if 
we turn the wheel three parts around wc 
shall have number 4 on top, 1 + 3 = 4. If 
wc turn it three parts more, we shah have 7. 
So we can get up to ten with one w'hecl. 

If we have a larger number, we need only 
put several other wheels, alongside the first 
wheel. When the first wheel turns all the 
way around-' up to ten — it will make the 
second wheel turn one part, or one-tenth. It 
‘‘carries over'’ one to the next wdieel, just 
as we carry over one from the units column 
to the tens column in adding. In the same 
way the second wheel can “carry over” into 
the third, which represents the hundreds 
Column; the third into the fourth, or thou- 
sands column, and so on. And the machine 
writes it all down, with the sum, just like a 
typewriter. There are big machines to-day 
that run by electricity and add as many as 
seventeen columns. 

Of course if they can add they can multiply 
too, for multiplying is only repeated adding. 
So 4 X 7 is only 7 + 7 + 7 + 7 » 

And 472 X 3 is only 2 + 2 + 2 and 70 + 
70 + 70 and 400 + 400 + 400, or 1416; as 
any adding machine will show', for that is 
the way an adding machine does the work. 
It can subtract too, and do a little division. 

About the same time that Pascal w'as 
making his adding machine, the Scotchman 
Napier was inventing his multiplying rods. 
The different multiplication tables were 
printed on sticks of wood in such a way as 
to show the product of any numbers at a 
glance. But of course the numbers had to 
be written down by hand, and therefore 
'‘Napier’s bones,” as his w'oodcn sticks were 
called, though exceedingly ingenious were less 


useful and accurate than Pascal’s machine. 

Since that day there have been many va- 
rieties of adding machines, though they are 
built upon the same idea. Only since 1802 
have they been printing the figures and their 
total. Such machines are found in every 
bank and big olVice. Hut machines that 
merely add seem old-fashioned in today’s 
w’c»rl(l. There are se\eral giant electronic 
calculating machines that do all the arith- 
metical f>rocesses and solve the most dillicult 
problems of higher mathematics. In an hour 
they can save a man months of steady labor. 

The adding machines that w^e most often 
see are not called adding machines at all. 
One of them is the cash register we find in 
nearly every shop. Vet the cash register 
can add and give the total of all the money 
that is put into it during the day. It prints 
a record of every sale, ami shows e.xactly 
how much cash is in the draw'er at any mo- 
ment . Another adding machine is the .speed- 
ometer in every car. At any moment it will 
tell you how far the car has gone. 

But one of the most remarkable d(‘\ices 
for calculating is not a machine, but a .simple 
rule. It is called the “slide rule.” It has 
several different scales [)rinled on it, and a 
little w'oodeii bar that slides back and forth 
over it. \\ ith this wo can not only multii)Iy 
and divide, but wc can calculate com]K)und 
interest and do problems in arithmetical pro- 
gression. It w'as invented in 1O54 and has 
been a help to accountants and engineers 
ever since. 

If we have machines to do all these things 
for us, why do we w'ork so hard to learn 
arithmetic? Why not let the machines do 
it all? Well, because we could never work 
the machines unless we knew all about figures 
ourselves. But still more because it L far 
more important to have a good head than 
to have the best machine ever known! Once 
we have the head, we can set the machine 
to work when we like, but without the head 
there would never be any machine at all. 
And then we are not through with mathe- 
matics yet, for there arc still all sorts of dis- 
coveries to be made — by the Euclids and the 
Einsteins of the days to come. We still have 
plenty to learn about “counting.” 
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Reading Unit 
No. 12 


Note: For basic information For statistical and current facts, 

not found on this pa^e^ consult tonsuli the Richards Year Book 
the general Index, Vol. 75. Indt v. 

Interesting Facts Explained 

How numbers can march alonj^ mathematics, 10-432 

with the precision of solrhVrs. What the wont “geometry ' 
10 428 means, T0-4.VS 

The first stei) mathematics, Why we need tr) know about 
10 428-20 anc'les, 10 4.^7'40 

What “percent" means, 10 4^2 How ambles are mea.sured, 10- 
Algebra, a kind of shorthand 4^8-30 

Things to Think About 

What are the “Arabic numerals' ? day life? 

What important rules must we What things have we made aftei 
we wish to avoid mak- geometrical forms? 

ing mistakes in mathematics? Why is a clock especially useful 
What is the meaning of the terms in our study of angles.-' 

used in algebra? What will make us hate “skjppy 

Of what use is geometry in every- thinking*'? 

Picture Hunt 

Why do some people in the Orient How does a speedometer work? 
still use an abacus? 10 425 to 440 

Related Material 

How did the Araliian civilization How did Descartes win a friend 

of the Middle Ages help us? in Holland? 13 13 

5 When (lid Xewton first take an 

Who wrote the first arithmetic interest in mathematics? 13- 

books.-" 10 423 400 

What do we know about Kiulid? Why do we call T.aplace the 

10-423-24, 13 373-74 “Krench Xewton"? 13 405 "h 

Practical A pplications 

How can we learn algebra with What must be done before maps 

little or no help from a teacher? can be made? 10 -43^) 

10 435 

Su m wary Statement 

Because mathematics teaches ing " and to avoid “jumping at 
us to think clearly and accurately, conclusions." 
we learn to hate “slopin' think- 
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Photo liy J < AlWn A n 


It IS amaniig how much pleasanter school is when one is the foundation of to-morrow’s accomplishment 

does each day’s work as it comes along Then nothing The young people in the picture above would hardly 

seems very hard, for nothing is very puzzhng. That look so happy if they had not done their homework 

IS because, both in school and in life, to-day’s work thoroughly and well School has no terror for them. 

MAKING MATHEMATICS EASY 


A Few Hints for Smoothing the Way in a Subject that Has 
Caused a Good Many Heartaches 


n T IS a great pity that an> one should go 
through school without c\er finding 
out that mathematics is fun 'Fhose 
rows of signs and numbers, so neat and 
sometimes so stubborn, can march along wdth 
the i)erfect precision of a column of soldiers, 
or they can be as unruly as a crowd of bo>s 
just let loose from schocd Keep them well 
under control and they will perform >our 
every command. But once lose > our mastery 
of them, and your life will be a burden every 
time you call upon them to do some necessary 
piece of work. 

The advice that follows is set down in the 
hope that parents and teachers, or elder 
brothers and sisters, may be helped to show 
young learners how to grasp each step in 
mathematics as it comes along and so to 


ha\c a firm mastcrv of the sublet I from 
start to finish With that m.isteiN will tome 
a sense of pleasure that will be worth anv 
amount of pains Miithemalics will have 
become a fascinating game 

The young learner who has already lost his 
way in the subject may be helped, also 
He must be taken over all the beginning steps 
again and again, and always with the greatest 
gentleness and patience Try to see that he 
never makes a mistake in what he learns, 
and that he forms the priceless habit of taking 
pains 

The tiny tot’s first step in mathematics is 
to learn the ordinary number signs what 
we call the ‘‘arabic numerals” (ar'a-bTk 
nu'mer-als) i , 2 , ^ , 4» 5 . 7 » 9 Of course, he 

will learn them in order, or, as we say, he 
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will ‘iearn to count.*' And that he may get 
a clear idea of what a given number means, 
he will learn to count by counting objects. 
These objects may just as well be interesting 
and ideasing in themselves — marbles, flowers, 
or small pieces of candy. Our little pupil's 
first association with numbers can be made 
agreeable or tiresome by the choice of the 
objects he has to handle, "fhe child will first 
learn to assemble any given number of ob- 
jects up to 20, and later up to loo. He must 
be able to say at once which of two numbers 
is the greater, and to recognize and write 
the arabic numerals for all of them, lie will 
arrive at these accomplishments through his 
normal i)lay, and later through special pro- 
grams provided for him by the school. Such 
games as flinch, throwing at a target, bounc- 
ing a ball, jumping rope, will give good 
|)racli(e in counting. And daily ref<*rence to 
a calendar will entertain and instruct him. 

Ilut for the next step all games which lead 
to haste or exc itement are bad. Our little 
arithmetician must now* learn by heart the 
hundred a<ldition and hundred subtraction 
facts, siuh as that g ami 5 are 14, or that 0 
from 13 are 7. It is important at this stage 
to kee[) him from making mistakes. He must 
practice and learn to remember (mts, not 
errors. Hurry and excitement encourage 
errors, whereas what he must have is the 
greatest possible precision. 

'fhe one outstanding stumbling bUnk for 
children in the early years at school- and for 
some students even in high school or college 
is the failure to master the hundred simple 
addition facts and the hundred sinijile sub- 
traction facts. I'his leads directly to the 
“counting habit.” Usually the trouble begjin 
during the first few’ months of number work 
at school. A few’ children get a bad start 
even before they go to .school, for they are 
allowed to play at ad<ling by counting. It 
is dangerous to a child’s future progress in 
arithmetic to trust that he will “pick up” 
these simple basic facts. He must learn 
them by role. After he goes to school the 
counting habit and the habit of making mis- 
takes are certain to he prolonged by the 
atmosphere of hurry that prevails in s(^mc 
schoolrooms. Especially bad are speed drills 
and stop-watch exercises. 


Now there are a few j)recautions that, 
taken at the start, will kee|> our lad or lass 
from falling into these pitfalls. Wc shall list 
them here: 

1. Do not have the child learn the simple 
addition and subtraction facts by 
counting objects. On the contrary, let 
him learn by rote that 9 and 6 are 15, 
for example, or that 2 from ii leaves 9. 
He w’ill learn them as mechanically as 
he learns to spell “cat.” Use the form 

0 

0 

15 

2. Let him learn each number fact before 
he us(‘s it in a verbal problem. Then 
let him have a chance to use it fre- 
quently in interesting problems, in 
order to fix the number fact in his 
memory. 

Ha\e him attack only a few’ of these 
facts at a .sitting, after he has first 
drilled himself on what he has already 
learned ])erfectly. Helj) him to hold 
fast all that he has learned. Let drill 
always mean tiver-learning of things 
already learned, and not corrections 
of errors. Allow’ no mistakes to occur I 
I'his may sound strange, but it is en- 
tirely possible to do if the number facts 
are taught very slowly and with con- 
stant rej>etilion. Encourage the child 
never to guess or hurry. 

4. Have him learn those number facts 

first which are not easily counted, such 
as 7 5 4 0 

7 S 5 0 Q 4 

15 15 II 11 13 

Such combinations as 12,^ will 
1 I 2 

- 3 5 

come relatively late, for these merely 
tempt the child to count. 

5. Keep your little pupil at easy addition 
until the hundred simple addition facts 
are mastered. 'Fhen he may begin 
subtraction, learning it in the same 
w’ay in which he learned addition. 
When he is learning subtraction do not 
shift often from one pnKess to another. 
In that w'ay you w'ill keep the child 
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from subtracting when he is supposed 
to add or from adding when he is 
supposed to subtract- a very common 
type of error. 

b. Later have him learn the multiplicaticm 

facts -and not in order, but like this: 

8635 
>0 Xq X4 X7 

^4 54 12 35 

7. Avoid all sj^ed drills and suggestions 

of haste. Make accuracy the goal. 
Published scientific studies prove that 
emphasis on accuracy furthers speed 
and accuracy, while emphasis on speed 
retards speed and reduces accuracy. 

8. In taking up harder addition and sub- 
traction, move very gradually from the 
very simple to the slightly more com- 
plex. Provide the child with samples 
done clearly, step by step, on paper or 
the blackboard, and leave the models 
for him to refer to when he likes. The 
secret of success is in taking each new' 
step very slow'ly and in mastering it 
thoroughly before another step is at- 
tempted. Always lei the problems be 
short ones, especially in the early 
learning stages. Your slogan must be, 
‘‘Simplicity and Accuracy.” 

9. Never dictate a verbal problem. Have 
it clearly written on the board, multi- 
graphed, or printed. Such a problem 
should have a strong emotional ap{>eal, 
and should not be made painfully 
brief. Persuade the child to read the 
problem very carefully before he tries 
to solve it. Let him work in an atmos- 
phere of serenity. In the first three or 
four grades the problems should be 
“story problems” with a powerful 
imaginative api)eal. Later they can 
well be fact problems but still with an 
appeal to the imagination. Let the 
facts used be interesting facts of all 
sorts gathered from newspapers, maga- 
zines, and encycloi)edias. 

Long Division 

The dread of many a child — and of many 
a teacher-- is long division. Yet it can be 
made easy. Before you introduce long 
division to a pupil make sure that he has 


already mastered the ninety-six basic multi- 
plication facts and the hundred subtraction 
facts. He must thoroughly understand the 
process of multiplying and subtracting. Make 
sure, besides this, that he can tell at once 
on sight that one number is smaller or larger 
than another -that, for example, 25 is more 
than 23, 407 is more than 396, 589 is less than 
610, and so on. Don’t shame or scold him if 
he has failed in any of these things. Patiently 
show him how to master them. 

Teach long division be fort short division. 
Make it very simj)le and easy. Begin like 

2 

this: 4)8 After he has |)racticed on several 
8 

like this one, move to the slightly harder type, 
2 

3)7 Later go on to slightl\ harder ones still, 
6 

I reni. 

such as 5)85 Think aloud as you proceed 

5 

85 

85 

very slow’ly Lei the ( hild ha\ (* se\ eral learn- 
ing fjeriods in long division before \ou iniro- 

(luce a [)rol)lem as hard as How 

fascinating long division thus becomes' 
After the (hild has mastered long <li\ision 
he can l(*arn short division easily in a tew 
minutes, for it is merely a short cut to long 
division. 

Common Fractions 

play with toys and tools a (hild, even 
before he enters school, uses the simple 
fractions halv'es, (juarters, thirds, and 
eighths, if he keeps on using his s])are time 
to make things with his hands, he wull at the 
age of twelve or fourteen have found out a 
g(x>d deal more. The boy or girl who handies 
tools, who follows or draws up or modifies 
patterns or recipes in which i)aper, cardboard, 
wood, cloth, or fi^ods arc used, must nec- 
essarily i)ick up nearly all the fundamental 
ideas about fractions and denominate num- 
bers- and may even develop a good deal of 
skill in handling them. 
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Now in common fractions there are certain 
simple notions on which everything else rests. 
Our boy or girl must grasp the fact that the 
value of a fraction decreases as the size of the 
denominator is increased; that it increases 
as the sl/e of the numerator is increased; 
that only frattions with the same denomin- 
ator may be added or subtracted. And of 
(oursc it will be necessary for him to know 
how to change fractions with unlike denom- 
inators into fractions with like denominators. 

As was true of w'hole numbers, it is well to 
practice a long time on the simplest, much 
used combinations. Begin by adding cr 

subtracting in the form 3J before 

1 1 

using the forms \-\-\ or ] — 2 

When the child is confused in handling 
measuiement, not knowing whether to divide 
or multi] )1\ in changing cjuarts to i)ints or 


inches to feet, let him have practice in making 
the actual measurements. But don’t hurry 
him while he does it. Let him be happy 
and serene, without any feeling of shame 
at his ignorance Otherwise he wu’ll probably 
get nowhere with it. Let him have leisurely 
practice in writing out such ecpiivalents as 
these: 

24 inches = _ feet 

^ quarts = ])ints 

] hour = minutes 

J5 minutes = hours 

Decimals 

Decimals are not hanl when thc\ are care- 
fully taught Let the learner first have 
practice in reading and writing whole num- 
bers as long as 3,476. Then in order that he 
ma> gain the basic principles of decimal 
fractions, place before him such samples as 
the following: 


Common fractions Decimal fractions 


Si\t^ 

»-se^'cn hundre 

dth' 






^>7 

icx> 67 

I hri 

•e hundrerlths 








100 0^ 

Se\enteen «ind nine hu 

ndrerlths 




17 g 

ICX5 17 09 

hour 

’ hundred twents seven 

thousandths 


4-^7 

1000 427 

When , 

1 

.1 whole number is 

1 ' 

followed 1 

1 1 

)\ a 

(leimial, the decimal point is read as “.ind ” 

1 

r 

C 

1 7 

3 

1 

1 

/ 


1 

1 

1 


1 

t 

1 

1 

1 

/ 

/ 

c 

/ 


x: 

C 

'•i 




r 

/ 1 
X 

* c 

1 1 



/ r 




X 

w 

r 

I w 

1 ' 



c c ”7 

y ^ 



r 

u. 

c 

7 

X 

1 t ' 


1 -ii 

c 

1 

g 1 1 

/ 

r 

5 ' 

X 

w 

1 c 


5 

1 

w 

1 

1 ^ 

c 


1 X 1 

H 1 I- 1 3 1 

ij 

H 

1 1 

iJ 

1 1 

X 

|h! 

1 ^ 



1 

1 

a 



s 





1 

Eight 

b- 1 



7 

4 





Thirty-seven and four tenths 

c 

0 

0 

7 

2 





Six hundred seven and iwentv- 

1 1 

1 



1 

1 

1 

1 

1 


three hundredths 

^ 1 

4 ' ^ 

1 

0 

0 

7 

, s 



Four thousand three hundred ten 

1 

1 

1 





1 

1 

1 

' 1 

and seventy-eight thousandths 


2 1 0 4 

S 

7 

i 

0 

5 



Three hundred tw'enty-si\ thou- 


1 






1 

1 

sand four hundred eighty-seven 





1 



1 


and one thousand fifty-six ten 

1 

1 

1 





1 



thousandths 

^ 7 

1 

2 0 , S 

4 

S. 

' 0 

0 

7 

8 

4 

Seven hundred twenty thousand 


1 

1 1 


1 






five hundred forty-eight and nine 


1 




1 




thc^usand seven hundred eighty- 


1 




1 

1 


1 

1 

1 ! 

four hundred thousandths. 
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The placing of the decimal point in multi- 
plication is easiest to learn when short num- 
bers are used. The difftculties should be 
added step by step, and ver>' slowly. Always 
keep plenty of .samples before the child so 
that he may refer to them as models. 

Percentage 

The word “j)crcent” or “i)er cent” - 
means literally “by the huiuireti” or “of the 
hundred.” So five percent — 5^? - means five 
out of every hundred, or .05. or 5/'ioo. 
Let us suppose, for example, that Pennsylva- 
nia produced 50^^ of all the steel produced 
in the United States. Then Penii'^ylvania 
would produce 50 100 of our steel out[)ut. 
Since 50 100= 5/10= *2, Penns\lvaiua 
would make *2 the country’s steel. 

After the jmpil has had a great deal of 
practice at learning the meaning of the com- 
mon percentages such as 25';, 

75'^, itwillbewellforhim to commit 

their fractional equivalents to memory, so 
that he can tell at once that = Li, or 
that 3^3 = 33?3V(- He can .soon learn 
whether, in finding a |)ercenlage, it is easier 
t‘ multiply by the percent or by its fractional 
equivalent. In learning to find the relation 
in i>erccntage that one number bears to 
another for instance, to answer the ques- 
tion, “20 is what percent of 50?”— our pupil 
must have a great deal of jirattice in simple 
ratio. This will later be \ ery valuable in the 
study of j)hysics and chemistry. 

Short Cuts in Arithmetic 

I. To multiply a number by 25 divide it 
by 4 and add two zeros to the right in 
the quotient. 80X 25 == 2,000 
■ 2. To divide a number by 25 multiidy it 
by 4 and point off two places in the 
product. 364 -V- 25= 14.56. 

3. To multiply by 10 add one zero to the 
right. 245X10=2,450 

4. To multiply by 100, add two zeros to 
the right; by i,ooo, three zeros to the 
right, etc. 245X100=24,500; 367X 
1,000=367,000. 

5. To divide by 10, point off one place to 
the left. 

6. To divide by 100, point off two places 
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to the left, etc. 745"^ 10= 74-5 745"^ 
100= 7.45 745-r- 1,000= .745 

7. To find the square or scjuare root of a 
number use the table on a later page. 

Algebra 

iVlgebra is a kind of shorthand mathe- 
matics. liy it we lan save lime and effort, 
since it .simplifies calculations which other- 
wise would be very long and cumbersome. 
We are able to solve problems by algebra 
whi< h we could hardly solve in any other way. 
Here are a few of them: 

The difference between the ages of the 
father and son is 30 years. In 8 years the 
father’s age will be 4 times the son’s age. 
Find the age of each now'. 

Jack and d'om were engaged to deliver 
packages for a firm. At the end of the first 
day Jack said: “To-day I traveled 3 miles 
per hour more than the number of houis T 
spent in traveling.” Tom said, “I started 
to deliver tw’o hours after you and went 14 
miles farther, so 1 must have tra\ eled 8 mil(»s 
per hour faster than \ou." How many miles 
did each travel that day in delivering goods-' 
A man rowing downstream has a s|)eed of 
g miles per h(»ur. In rowing uj)stream 
against the current his speed is ^ milt*s j)er 
hour. What is the rale of the c urrent ? What 
would be his rate in still water.-' 

Jim was sho])[)ing for his mother. He 
found that a bo\ of strawberries and 4 pounds 
of .sugar cost 49 cents, while at the same 
prices 2 boxes of straw'berries and 5 jmurids 
of .sugar cost go cents. Find the cost of ea( h. 

Two airj)lane i)ilols compete in a High! of 
7,800 miles. The ratio of the distance trav- 
eled by one plane to the distance traveled by 
the other is 6 to 7. What is the total 
distance traveled by each plane? 

While algebra makes use of numbers, as 
arithmetic does, those numbers are practi- 
cally alw^ays small. For the most part algebra 
cxpres.ses the facts of a problem by using 
letters of the alphabet to stand for numbers. 
In general it is a preparation for work in the 
sciences in high school, college, and j)rofc.s- 
sional schools, especially for physics, chem- 
istry, and engineering. 

We shall set down here a few rules for 
success in this useful and interesting branch 
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of mathematics. The first rules are for the 
student: 

Work slowly and carefully. Never make 
a mistake if you can help it. It is better to 
solve a few problems accurately than to mess 
over many. Never go on into a new unit of 
work until you have mastered everything 
leading up to it. 

And WQ also have some rules for the parent 
or teacher, or the elder brother or sister who 
is kind enough to lend a helping hand at 
home: 

Never suggest haste to the student. En- 
courage him to work slowly and carefully. 
Try hard to keep him from making mistakes. 
Errors are likely to j^erhist; they slow up 
l)r()gress and lead to confusion and dis- 
couragement. See that each unit of work is 
mastered by your jnipil before he attacks a 
new one. In so far as is ])ossible, have each 
individual learner advance at his own rate of 
successful ])rogress. 


Terms Used in Algebra 


.Mgebra has its own s|)e( iai \S)cabulary. 
'riie lirst step in learning algebra is to learn 
what a “literal number" is that is to sa\\ 
what we mean w’hen we use a letter to re 
present a number. It is really no more than 
giving a nickname to someone you know. 
lVrhai)s it is a friend >ou have known all 
}'our life, one whose name you will rcmeml)er 
as long as you live, but because “Shorty" or 
“Red” is more convenient than Algernon or 
CachvalladcT, your friend becomes “Shorty" 
or “Red" for all ordinary purposes. Or per- 
haps your man is a j)erfect stranger whom 
you are having to w'ork with before you 
have been introduced. You will refer to 
him as “Sandy” for the time l)eiiig, and so 
long as everyone understands, it won’t make 
any difference what his real name may be. 
You will find that out later. As a matter of 
fact, in algebra -V, 1', and / are the nick- 
names we give to unknown quantities, and 
the whole purpose of the game is to find out 
what their real names may be. 



The area of the rectangle R = a 
times b, or ab. For in algebra 
when two letters are written side 
by side in this way w'e mean that 


the numbers they represent are multii)lied, 


one by the other. The total area of seven 
rectangles exactly like R would be 7 times 
ab or 7ab. 

What Is “A Times A»? 

In the term ‘‘7 ab" we call 7 the “numerical 
coefficient” (kd'e-flsh'Cnt). The coefficient 
of 5 ax is 5; the coefficient of 3 zy is 3, and so 
on. What is the coefficient of xy? It is i 
understood, or i xy. 

The area of the square is a times a, or a^. 
We read it “a square." d 



T*he volume of the cube 



by saying that c = aXaXa = a'^ In the expres- 
sion “a*^" or aXa, the number represented 
by a we call it the “(juantity" a- is used 
tw’o times as a factor. In the expression 
*V" or aXaXa, a is used three times as a 
factor. To indicate how often a quantity is 
used as a factor, a ^mall figure is placed to the 
right of and above that quantity— just as in 
arithmetic. 


What Is “A Times A Times A”? 


Thus aXaXa i> writ leu a^, and aXaXa- 
XaXa is wrritien a^. The small figure used 
to indicate the number of limes a quantity 
has been used as a factor is called an “e.x- 
ponent" (Cks-pd'nent ). So, in the term “a^", 
5 is the exponent; in the term “a"", 7 is the 
exj)onent. We n^ad a*, “a to the fifth power"; 
a^ “a to the seventh power." 

In the term 3I/, 3 is the coefficient and 0 
the e.vptment. Now* suppose b=2. Then 
3b^’=3X2X2X->X2X2X2= 1Q2. The area 
of rectangle 1 is cXd t>r , 


cd. The area of rectangle 
II is cX2d or 2cd. The 
sum of these two areas == 
cd+2cd*3cd. The terms 
cd and 2cd are similar 
terms and so may be added 
because the literal quanti- 



ties ' or “letter quantities” 


— cd are alike in both. 
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Of rectangle fll the area 
is ay. Of rectangle IV the 
area is 3ny= (nX^y or n3y, 
always written 3ny). The 
sum of these two areas is 
^ ay+ 3ny. The sum can 

only be indicated - by the 
use of the plus sign— for 
ay and 3ny arc not similar terms. 

Suppose one number is three times another 
number. How shall we express their sum? 
Let x=thc smaller number. Then 3x=thc 
larger. Their sum is x+3x or 4x. 

Paul has 4 dollars more than Carl. Then 
if Carl has x dollars, Paul has x+4 dollars. 
Together they have 2x+4 dollars. 

The hub of algebra is the equation. All 
the mathematical formulas you have ever 
used or will use are equations. An equation 
is a short way of stating that two expressions 
are equal. 2X2 = 4, A = ab, C= rrd, 
P=2fa+b) are all equations. We can illus- 
trate the meaning of an equation by a pair 
of balances. Then 6 lb.+2 lb. = 3 lb. +3 Ib.- 
+ 2 lb., or 8 lb. 

Keeping the Balance Even 

.Suppose we add 3 lb. to one side of the 
scales. Then, to keep a perfect balance, we 



must add 3 lb. to the other side. Then 
II lb. = 1 1 lb. 

Suppose vre multiply the weight on one 
side by 5. Then, to maintain the balance, 
we must multiply the weight on the other 
side by 5. Therefore, 40 lb. = 40 lb. 


Suppose we divide the weight on one side 
by 4. Then, in order to maintain the balance, 
we must divide the weight on the other side 
by 4. 'Pherefore 2 lb.= 2 lb. 

Some Facts about Equations 

Now we can stale the following facts about 
equations: 

1. When the same number is subtracted 
from each side of an ecpialion, the result 
is still a true equation. 

2. When the same number is added to each 
side of an equation, the result is still a true 
equation. 

3. When each side of an ecpiation is multi- 
plied by the same nund)er, the result is 
still a true equation. 

4. When each side of an equation is divide(‘ 
by the .same number excej^t zero, the resuk 
is still a true eejuation. 

If 2 j>encils cost 10 cents, one j>encil costs 
10-^2= 5 cents. Tn algebra we may sa\ il 
this way: If 2a= 10, a= S- Po [)ro\e this, we 
substitute 5 for a. 'Pheii 2a= 2X5-= 10. 

V 

How to Solve an Equation 

Equations can become more aiul more 
complex. 'Phe nature of the ecjuation to be 
sblvcd will indicate uhat we shall do to soKe 
it. Sometimes we shall add a ceitidn number 
to each side of the equation, in order to 
simplify the equation; or w'e shall subtract a 
certain number from each side, multiidy 
each side by a certain numl^er, or divide each 
by a certain number. For e.xample, in the 
equation ]a=i2, it is easiest to multijdy 
both sides by 4. Then we shall have the 
equation 3a = 48. Whatever we do in solving 
an equation, we shall do in order to find out 
the value of the letter or letters in the equa- 
tion. 




Positive and Negative Numbers 


-8 -7 -6 -s -4 ~3 -2 - I 

We read —3 as negative 3, — i as negative i. 
We read +3 as positive 3, +i as positive i. 
A boy finds 7 marbles. This we may express 
as +7. 

A boy loses 5 marbles. This we may express 
as -5. 


+ 1 +2 +3 -f4 -f5 +0 -f7 +8 

A man owes a debt of $800. This wc may 
express as — $800. 

A girl earns $345. This we may express as 
+$345- 

In arithmetic, subtraction is learned before 
multiplication. But in algebra it is better 

34 






MATHEMATICS 


to learn multiplication before subtraction. 
Why? Because students more easily confuse 
positive and negative signs in subtraction 
than in multiplication. So subtraction is the 
harder. 

I'here are just two simple rules for signs 
in multiplication: 

1. Like signs give a positive sign. 

2. Unlike signs give a negative sign. 
From this it follows that : 

— 8 times — 4=+^p 
+ 5 times +3 = + 15 
+0 times — g= — 54 

When the ])lus sign is omitted a number 
is understood to Ije positive. 5 times 3=15 
is the same as +5 times 4-3 = +15. 

W’c can exi)ress multiplication in several 
different ways: 

(1) 4 times a= 

(2) 4 X a = 

(z) 4.a = 

(4; 4ta) = 

But when there is danger of confusion we 
never use form (2) or (3). When, for ex- 
ample, we wish to state a— 1) times a+b we 
write (a— b) (a4"b); or multiply 
a — b 
a4“ b 


If we have a form like 2 a 4 “ 3 (a+b) 4 -' 
2(a -2b) — (). we remove the j)arentheses by 
multiplying as indicated. Thus we have 
2a4”3a+3b4“2a—4b-“(). Collecting the like 
terms, that is, adding like terms together, we 
have 7a— b — 6. 

To succeed at subtraction we need first to 
know three simple terms: minuend (mln'- 
u-dnd), subtrahend (siib'tra-hCnd), differ- 
8 minuend 
ence: 5 subtrahend 
3 difference 

Then we need to know this one rule: To 
subtract in algebra, change the .sign of the 
subtrahend — in your mind and add. 
Subtract: +6a In our minds we think that 
— 2a 

— 2a is changed to +2a, then we add +6a 
to +2a making +8a. 

Instead of saying, “Subtract m— 18 from 


4m 4- 7,“ we may state it as (4m 4- 7) — 
(m—i8). When the signs are changed in 
the subtrahend, this will read 4m+ 7 — m+ 18. 
And the answ^er will be 3m4“25. 

How to Divide in Algebra 

As in arithmetic, division in algebra is the 
reverse of multit)Iication. Once the funda- 
mental oj)erations have been mastered thor- 
oughly, further work in elementary algebra 
is relatively easy. Use of a table with squares 
and square roots saves much time and effort. 

Some Reminders 

1. We can add or subtract only like terms. 
Addition of other terms must merely be 
expressed with the projjer signs. 

2. We can multiply unlike terms as well as 
like terms. 

3. When we multiply, we multiply the co- 
efficient — as w^e multii)ly in arithmetic- - 
and add the exponent.s. 

4. In removing parentheses preceded by a 
minus sign, we change all the signs which 
were in the parentheses. In removing 
I>arentheses ])receded by a plus sign, we 
make no change of signs at all. 

One can now buy self-teaching books in 
algebra. From them a person of average 
intelligence can, with little or no help from 
a teacher, learn the elementary course in 
this subject. 

Geometry 

(leometry has a dillicult sound and seems 
at first glance to have very little to do with 
our daily lives. But the truth is that its 
various shapes and figures lie all about us; 
the facts that it teaches are necessary ever>' 
time a city is laid out, a building is put up, 
or a machine is constructed. On other pages 
of these books you may read of the great 
man who did so much to formulate this 
knowledge and to make its rules clear for us 
to-day. 

Now the word “geometry'’ means nothing 
more than “land measurement.” The de- 
finition will help one to guess how the science 
came about. It has to do with the study of 
shat)e, size, and position, and the measure- 
ment of distances, surfaces, and volumes. 
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rAHLK OF SQUARFS AND SQUARK ROOTS 


No. 

Square 

RlM>l 

No. 

Scjuare 

Sfjuare 

Root 

1 No. 

Square 

Sejuare 

Root 

No. 

Square 

Square 

Root 

I 

I 

1. 000 

41 

I 681 

6.403 




121 

14 641 

11.000 

2 

4 

1.414 

42 

1 764 

6.481 




122 

14 884 

11.045 

3 

9 

1-732 

43 

1 849 

6-557 

83 

6 S89 

9.110 

123 

15 129 

11.091 

4 

lb 

2.000 

44 

1 036 

6.633 

84 

7056 

9.165 

124 

‘5 376 

1 1.136 

s 

25 

2. 2,^9 

45 

2025 

6.708 

85 

7 225 

9.219 

>25 

15 625 

ii.iSo 

6 

3 ^ 

2.449 

46 

2 1 16 

6.782 

86 

7 396 

9.274 

126 

15 876 

11.225 

7 

49 

2.646 

47 

2 20Q 

6.856 

87 

7 566 

9.3 -’7 

127 

16 129 

1 1.269 

^ 8 

64 

2.828 

48 

2 304 

6.928 

88 

7 744 

9.381 

128 

16 384 

11-314 

9 

81 

.^OOO 

49 

2 401 

7.000 

89 

7 021 

9-434 

129 

16 641 

11.358 

lO 

100 

3.162 

50 

2 500 

7.071 

90 

8 TOO 

9.487 

MO 

16 (;oo 

1 1 .402 

11 

121 

3-317 

51 

2 601 

7.141 

91 

8 281 

9.529 

Ml 

17 161 

1 1 .446 

12 

144 

3-464 

5-’ 

2 704 

7.2ir 

92 

8 464 

9.592 

*32 

17 424 

1 1 .489 

U 

169 

3.606 

53 

2 SoQ 

7.280 

93 

8 649 

9.644 

*33 

1 7 689 

11-533 

14 

196 

3 - 74 i 

54 

2 016 

7-348 

94 

8 83() 

9.695 

*34 

17 956 

11.576 

^5 


^■^75 

55 

3 025 

7.416 

95 

9 025 

9-747 

135 

18 225 

1 1.O19 

i6 

2S<> 

4.000 

5 ^ 

^ 136 

7-483 

96 

9 2ib 

9.798 

1.56 

1 8 49 f) 

1 1.662 

^7 

289 

4 - 1-^3 

57 

3 249 

7-5.50 

97 

9409 

9.849 

137 

18 769 

11.705 

i8 

324 

4-243 

58 

3 364 

7.616 

98 

() bo4 

9.809 

I 3 « 

19044 

11.747 

19 

3 bi 

4-359 

59 

3 481 

7.681 

99 

9 801 

9-050 

139 

ig ^21 

ii.7(;o 
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21 
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61 
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10 050 
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22 
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62 
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7.874 
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20 164 

1 1.916 

23 


4-799 

^>3 

? 969 

7-937 

TO^ 
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10.149 

14^ 

20 449 

11.958 

H 
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4.899 

64 

4 096 

8.000 

104 

10 816 

lO.igS 

144 

20 736 

12.000 

25 

625 

5.000 

05 

4 -225 

8.062 

! *05 

1 1 025 

10.247 

*45 

21 025 

1 2.042 

26 

670 

5-099 

66 

4 356 

8.124 

1 106 

11 236 

10 296 

146 

21 ^16 

12.083 

27 

7^9 

5-196 

^7 

4 489 

8.185 

107 

I r 449 

10.344 

*47 

21 609 

12.124 

28 

784 

5 - 29 ^ 

68 

4624 

8.246 

108 

II 664 

10. S92 

148 

21 904 

12 i6r) 

29 

841 

5-385 

6q 

4 761 

8.507 

* 10() 

II 881 

10.440 

149 

22 201 

1 2.207 

30 

QOO 

5-477 

70 

4 900 

8. 567 

1 10 

12 100 

10.4S8 

150 

22 500 

12.247 

31 
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5-568 

71 

5041 

8,426 

1 1 1 

12 321 

10.5^6 

151 

22 801 

12.288 

32 

I 024 

5-657 

72 

5 i *'^4 

8.485 

I 12 

12 544 

10.583 

152 

2^ 104 

12.529 

33 

I 089 

5-745 

73 
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8.544 

i 113 

12 769 

10.O30 

1.53 

23 409 

12.369 

34 

I 15^ 

5-831 

74 

5 47 ^^ 

8.602 

114 

12 996 

10.677 

154 

23 716 

12.410 

35 

I 225 

5-916 

75 

5 ^^25 

8,660 

It 5 

13 225 

10.724 

155 

24 025 

12.450 

36 

I 296 

6.000 

76 

5 77 ^ 

8,718 

lib 

*3 45 ^> 

10.770 

156 

24 336 

1 2.490 

37 

1 369 

6.083 

77 

5929 

8.775 

117 

13 689 

10.817 

157 

24 640 

12.530 

38 

1 444 

6.164 

7 « 

6 084 

8.832 

ii8 

13 924 

10.863 

1.5X 

24 964 

12.570 

39 

1 521 

6-245 

79 

6 241 

8.888 

119 

14 161 

10.909 

159 

25 281 

12.610 

40 

I 900 

6-325 

80 

6 400 

8.944 

120 

14 400 

10.954 

160 

25 600 

12.649 


Measuremenl is necessary if the farmer is to 
know what land he may use. The architect 
must use measurements when he draws up a 
plan for a house. The contractor must use 
it when he shapes the wood and stone and 
glass and metal of which the house is built. 
The furnishing of the house requires a knowl- 
edge of shape and size and position. Even 


the simplest object cannot be manufactured 
without calling such information to our aid. 
The making of a map— whether of the earth 
or of the stars — is possible only after careful 
measurements have been taken. Such 
measurements upon the surface of the 
earth Nt know as “surveying.*' 

It is interesting to see how many geomet- 
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rical shapes we can find in nature. The 
sun and moon of course appear to us as 
perfect circles. A rainbow is a curved line, 
and the ripples running out from a pebble 
dropped into a silent pool are all perfect 
circles. Raindrops are perfect si)heres; and 
an orange is close to being one. If it is cut 
squarely in half the cut edge of the peeling 
around the cross section will be a circle. 
Have you ever spilled water on a hot stove? 
'Fhose dancing globules are perfect spheres. 
And the same is true of drops of quicksilver 
that has been spilled on almost any surface. 
Melted lead droj)ped through cool air from 
a high sieve will turn into perfect sj)heres of 
shot. 


Man too hti . nude things aflei many 
geometrical forms, 'fhe Indian's wigwam 
is a fairly i)erfect cone. And the famous 
]>yrami(ls (ptr'a-rnid) ol Kgy])t are excellent 
examples of one of the geometrical solids that 
are called i)yramids. 'Fhe gable of a house 
is a triangle; the walls, ceiling, and floor of a 
room are often j)arallelograms (jnir'a-lel'o- 
gram'l - that is, the o|)posite sides are parallel 
throughout their length. 

Geometry All around Us 

If \ou consider the whole body of a simple 
house, you will probably find that the part 
below the eaves is a rectangular solid, and the 
part above the eaves a triangular prism 
(])rl//m). 'Fhe round face of a clock and all 
the wheels on our vehicles arc perfect circles, 
and so arc the plates from which we eat. 
Cans of food, ash cans, storage tanks, silos, 
and smokestacks are usually cylinders (sirin- 
der). And lamp shades are likely to be 
frustums (frus'tiim) of cones or pyramids. 

The rim of the clock’s face is an excellent 
place to study the parts of a circle. At three 
o’clock the length of rim between the hands is 
a quadrant (kw6d'rant), or quarter circle. 
When it is six o’clock the rim of the clock is 
divided into two semicircles, or half circles. 
At any time of day the hands divide the circle 




into two arcs, for an arc is any part of a circle. 

All these common notions of shap>e and size 
and position belong to what we know as 
intuitive fin-tu'l-tiv) geometry — they are 
facts that we learn from everyday experience. 
But it is very important that we get these 
facts clearly in mine!, for later we shall use 
them over and over again in studying 
demonstrative (de-m6n'stra-tfv) geometry'. 

Some Important Terms 

Before we go on w'ith more of these funda- 
mentals it is well to make clear a few terms 
that we shall use. When we sf>eak of figures 
as being “ccpial” we mean that they have 
the same si/e. WTien we say they are “simi- 
lar” we mean that they have the same shaj^e 

they may be equal or unequal in size. 
When we say that they' are congruent 
(kong'gnlb-^nt) w'e mean that they have the 
same shape and size. A figure is symmetrical 
(sT-m^^t'rf-krd) in regard to a line if, when the 
figure is folded along that line, the two halves 
of the figure can be made to coincide 
(k(Vln-sid') that is, to match so pierfectly 
that they make one figure. 


Where to Look for Angles 

One of the most necessary foundation 
stones for our study of geometry is an under- 
standing t)f angles. We see them everywhere 
about us at the corners of books, of jiictures, 
of rooms, and at the intersection of streets 
and roads. The “right angle” is the one we 
know best. It is the one between the hands 
of the clock w'hen they tell us that it is three 
o'clock. But there are other kinds of angles, 
for every time tw'o straight lines meet at a 
])oint they' form an angle. A map of a city's 
streets shows lines meeting at every imagin- 
able angle. 



The lines wdiich form an angle are called its 
“sides.” The point w'here these lines meet 
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is called the vertex (ver'tfx) of the angle. 
As a rule we use any three capital letters 
for indicating an angle, and when we read 
these letters we always put the one at the 
vertex second. 




\ 


A 


We might speak of this angle as 


“angle ABC” or as “angle CBA.” Some- 
times an angle is indicated by a small 
letter inside the vertex — d and would 
then be read “angle d.“ Or it may have a 
single capital near the vertex O and 
be read “angle O,” Often we substitute a 
picture of an angle for the word “angle.’' 
The angle just mentioned we should then 
write “Z 0.” 


A New Use for the Clock 

Our faithful clock will ser\ e us well in the 
study of angles. It is especially u.sefid in view 
of the fact that an angle is scientifically de- 
fined as a “turning,” and if we were to give a 
very leained definition of it we should 
describe it as “the amount of turning made by 
a line rotating through a plane about a fixed 
point.” Now this is jirecisely what the hands 
oi a clock are always doing, they are rotating 
■ or turning- -through a plane -in this case 


angle formed is greater than a right angle 
but smaller than a straight angle. We call it 
an “obtuse angle” -the word “obtuse” (ftb- 
tusO means “blunt.” 

What Is a ‘^Round Angle”? 

At seven o’clock our hour hantl has turned 
through an angle that is larger than a straight 
angle. It is a “reflex”— or “bent back” — 
angle. The angle at the left of the hands is of 
course an obtuse angle. By twelve o’clock, 
when the tw^o hands are together, the hour 
hand has turned through a complete circle 
and has formed a “round angle.” Acute, 
obtuse, and reflex angles are often called 
“oblique” fob-lek') angles. 

The line that is turned to make the circle 
is called the “radius” (rfZdl-us) of the circle. 
Or, in other words, a circle’s radius is always 
the distance between the curve line and the 
center. A “diameter” (di-an/e-ter) is a line 
straight across the circle through the center. 
As you may readily see, it will be twice the 
length of the radius. 

There are certain instruments that help 
us to draw the various geometrical figures. 
Everyone knows the ruler, which makes it 
possible to draw a straight line. Two other 
u.sefiil “tools” are the compass and the pro- 



they move just above the plane, or surface, 
formed by the face of the clock- and they 
turn about a fixed point, which is the pivot 
on which they arc mounted at the center of 
the clock’s face. 

At three and at nine o’clock the hands form 
a “right angle.” This is the angle that you 
have at the corners of any perfect square. 
When the hands form a straight line— that is, 
when they point in opposite directions, as 
they do at six o’clock — they form what is 
known as a “straight angle.” Often— at 
one o’clock, for example - they form an 
angle that is smaller than a right angle. Such 
an angle wc call an “acute angle” - the word 
“acute” means “sharp.” At four o’clock the 


tractor. The compass or “pair of comf)as- 
ses’’ is useful in drawing circles or arcs, and 
the protractor is useful in measuring angles. 

How Do We Measure an Angle? 

It is sometimes hard to remember that to 
measure an angle does not mean that we take 
its area —an angle is not an inclosed space. 
It is, as we have already said, an “amount of 
turning” made by a line rotating through a 
plane around a fixed point. If this is borne 
in mind it wdll be much clearer why wc should 
measure it as we do. Since our rotating line - 
let us think of it as a hand on a clock— 
describes a circle as it turns, the natural way 
to measure the amount of turning in an angle 
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is to find out how much si)ace the angle 
w'ould take up if it were placed with its 
vertex at the center of a circle. In order to dc» 
this wc divide up a circle into jiarts any 
circle, of course, for its width across has noth- 
ing to do with the fact that it has been made 
by rotating a line around a ])oint. The line 
may be long or short, but whatever its 
length, the amount of turning necessary to 
form a circle will always be the same. 

Tor the purposes of measurement our 
circle will be dKided into ecjual parts, 
each one called a “degree.” We indicate a 
degree by placing a small circle above and 
to the right of a numeral ()o°. 'Ihe number 
of degrees in a circle is as (»ld as Babylon, 



COA IS really a compass. To measure 
COA place the compass on the 
protractor shown above it with 
points O coinciding and OA lying 
along the bottom of the protractor. 

for the ancient men who studied the stars 
divided a circle into degrees. We still 
follow their custom to-day. 

Now if a circle, or com])lete turn that is, 
a round angle contains 360°, a semicircle, or 
straight angle, must contain half of 300°, or 
I So” ; and a ejuarter circle, or ejuadrant that 
is, a right angle must contain a fourth of 
360®, or QO®. And so on I It will be j)ossible 
to measure an angle of any si/.e in this way 
\s you doubtlc‘ss know, a degree is divided 
into sixty ''minutes” and a minute into 
.sixty “seconds.” 

With our ruler, compasses, and protractor 
we can now draw circles, angles, and tri- 
angles. A triangle is a figure consisting of 
three straight lines intersecting in such a 
* ' way as to inclose a s|)ace. If all the sides of 
the triangle are of ecpial length we say that 


the triangle is ecjuilateral (e'kwMat'e-ral), 
or “ec^ual-sided.” If only two sides are cc^ual 
we say that it is an isosceles fi-sris'e-le/j 
triangle. If no two sides are erpial it is a 
scalene fska-len') triangle. We have shown 
exaniples of all three* kinds. 

When one angle of a triangle is a right 
angle we have what is called a '‘right tri- 



This sailor’s compass shows the 
degrees in a circle. 

angle.” WTen one angle is an obtuse angle 
we have an “obtuse triangle.” W’hen all the 
angles are acute angles, we have an '‘acute 
triangle.” 



Right A Acuto A 


Of course there are many other figures 
having straight sides. 'I'here is the rectangle, 
a four-sided figure in which all the angles are 
right angles. Then there is the pentagon 
(p^n'ta-grm), with five sides; the hewagon, 
with six sides; the octagon, with eight sides; 
and the decagon (ddk'a-gon), with ten sides. 
All of them arc polygons tpol'l-gt^n)— that is, 
they have many sides. 
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Now strange as it may seem, from the in- 
formation that we have given thus far the 
whole science of geometr>^ may be built up, 
step by step. Each step rests on the one 
before it, and leads to the one that follows. 
Once you have glimpsed the inescapable logic 
of it and have seen the height of the towering 
mathematical structure that rests so firmly 
on so simple a foundation, geometry will 
seem to be one of the most beautiful things 
in all the universe of ideas. 

We have not space here to go through all 
that noble structure, but wc can hardl> be 
too emphatic about the importance of the 
journey. This will be the student’s first 
rigorous training in the nature of proof. It 
will not be enough to say that one line is 
perj)endicular to another because he can see 
that it is I He must be able to show a better 
reason. Once he really sees what we mean by 
proving a statement, he will always there- 
after hate the *‘slop[)y thinking” so common 


in this world. Then, no matter how much 
other people may “jump at conclusions,” 
he will aspire to make his own reasoning as 
sternly logical and as inescapable as the proof 
of a proposition in geometry. Of course this 
is an i<leal very hard to attain. We are all 
amazed, when wc examine our opinions, to 
see how few of them rest on any sound foun- 
dation. 

Occasionally a student may have trouble 
with some particular lesson. I'hat will 
probably be because he has forgotten some- 
thing that went before or is not quite clear 
about it. There arc certain basic matters 
that hc‘ will need to havT at his finger tips, 
lie will need to see clearly, for instance, how 
w'e prove that the sum of all the angles in- 
side a triangle is always equal to twx) right 
angles. And there will be other necessary 
prop(^‘^itions. But once he understands the 
important fundamentals, nothing that fol- 
lows need gi\e him trouble. 



Here is a simple geometrical figure very familiar to anyone who 
drives an automobile. It looks much Uke a clock or a sailor’s 
compass, but of course it is a speedometer. When a car is in motion 
the needle is always turning back and forth through the scale that 
is registered around the rim of the dial, and that scale is carefully 
devised so that the position of the needle will show the speed of the 
car. Speedometers are operated on various principles, but a flexible 
shaft and a gear mechanism always connect the instrument either 
with the transmission or with one of the road wheels. The size of 
the road wheel has to be taken into account. The mechanism that 
registers distance is called an odometer (6-d6m'd-tCr). Our 
picture shows a speedometer that contains an odometer and a clock. 
The odometer finds out how far a car has gone in a given time, and 
of course the time is measured by the clock. Now if you divide the 
distance by the time, yon learn the speed. This division is done by 
another mechaniam, which controls the needle on the face of the dial. 
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The STORY of the SEWING MACHINE 


Reading Unit 
No. 13 


TWELVE THOUSAND STITCHES A 
MINUTE 

Note: For basic information For statistical and current facts, 

not found on this page, consult consult the Richards Year Book 
the general Index, VoL 25. Index, 

Interesting Facts Explained 

When everything was sewed by made, 10-443 

hand, 10 442 Americans invent the sewing ma- 

H(»w early man made his clothes, chine, 10 -443-44 

10 442-43 Howe challenges women to a sew- 

The first sewing needles, 10-442- ing race> 10-444 

43 How fast can the sewing machine 

('hina gives us the needle, 10-443 stitch? 10-442 
Where most of our needles are 

Things to Think About 

How many kinds of sewing ma- When did the Arabs bring the 
chines are there? sewing needle into Europe? 

Why did workmen destroy 'rhim- How did Howe improve the nee- 
monier’s sewing machines? die in the sewing machine? 

Picture Hunt 

What did the early .sewing ma- How^ did the Indians sew things 
chines look like? 10-442, 444 together? 10-443 

Related Material 

What differences can we see be- How is thread spun to-day? 10- 
tween cotton and wool cloth 339-40, 532 
when we look at them under How are carpets woven? lo- 
the micro.scope? 14-550 343-45 

How was thread spun in ancient How is flax made into linen? 9- 
times? 9-46 40,48 

Trace the story of the way rayon How is silk thread made? 9- 
is made, 9-85-86 42-44 

Leisure^time Activities 

PROJECT XO. I : Learn to sew PROJECT \ 0 . 2 . Find out how 
a seam by machine. a sewing machine works. 

Summary Statement 

Until a hundred years ago, our big factories save us endless 
everything in the world was work and provide all the clothing 
sewed by hand. Now machines in we need. 
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TWELVE THOUSAND STITCHES a MINUTE 

hven If You Can Ply Your Little Needle Pretty Fast, You May Be 
Surprised to Know There Are Machines That Will 
Go So Much Faster 


AKE a needle and sew a scam just as 
fast as you can. Count the stitches, 
Ciet someone to hold a watch and 
say '‘Stop’' at the end of one minute. You 
know how many stitches you can take 
in a minute. 

Then remember that in the big factories 
there are machines with several needles that 
sew twelve thousand stitches in a minute, 
and you will see what the sewing machine 
has done for the world. It will take you at 
least a whole day to make all those stitches; 
so the big machine will go about five hundred 
times as fast as you can. Now think of how 
much work is saved, and how many more 
clothes are made, by one invention. 

Everything in the world was sewed by 
hand until about a hundred years ago. 
Millions of people had to sit plying their 
needles and straining their eyes until far 
into the night, to make enough clothes to 


cover their backs. And then came one clever 
machine to do nearly all the work, and set 
them free. 

It was a long time coming. Far back in 
the dim past, when a man used to go out 
and kill any animal he could find to cat, he 
found out that he could use the animal’s fur 
to keep him warm. He punched a few' holes 
in the skin and then ran a string of rawhide, 
also made out of the skin, through the holes. 
At first he must have punched the holes with 
a thorn or a shari> piece of bone, and run 
the string through with his fingers. But 
sooner or later he got the notion of doing 
both of these things at once. Then he 
shaped a slender piece of bone or bronze to 
a sharp point, and bored a hole in the end 
of it. He ran the string through the hole; 
and then he could punch and sew at the 
same time. He had invented the first 
needle 
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Wc have found needles like that In the 
ruins of Kgypt, an<l of Greece and Rome. 
Rut it was still a long way to the little steel 
needles we all know to-day. 

China Gives Us the Needle 

These bright little needles seem to have 
come from the Chinese. In the Middle Ages 
the Arabs who swarmed into Europe brought 
these needles with them, and a little later 
the Germans were making them. By the 
time of Queen Elizabeth they could be bought 
in the shops of London, and just a little later 
the English were making them for them- 
selves. To this day most of the hand needles 
come from (ier- , 

many and Eng- 
land, though most > 5 ^ ' 


many and Eng- ' doing things, and 

land, though most employers did 

of the machine ^ not always like 

needles are made them; and since 

ill America. ^ he 

It was an ICng- ‘ health also, 

1 ish man na m c » t Although the Indians had no sewing machines, often out of 

I homas Saint who seems they were sometimes clever with their needles work. Vet he had marrie<l 

tt) have had the first no- sewed y^j-y young, and he ami 

ii.. together with rawhide. , r .i.. 


of his uncles is said to have built the first 
spring bed. Another built the first truss 
bridge ever j)ut uj) in America — the How'e 
Truss over the Connecticut River at Si)iing- 
field. When Howe started working at his 
machine, he apparently had not heard of 
Hunt’s at all. 

Howe’s father was a farmer, who also ran 
a flour mill, and in this mill the boy began 
to learn something about machinery when 
he was still very young. He was meant to 
be a farmer too, but he liked machinery too 
well. So he left the farm as soon as he 
could, anfl by the age of twenty-one he had 
become a ver\" good machinist. But he had 

^ his own w’ays of 

' ' ' doing things, and 

. his employers did 

^ not always like 

poor health also, 
A he was often out of 


tion of hitching the needle 
to a machine. He made a good many draw- 
ings, and took out a patent for a sewing 
machine in 1790, But his ideas never suc- 
ceeded. Then in i8:?o a ITench tailor named 
'rhimmonier (tc'md'nya') patented a rude 
machine that worked well enough for him 
to put eighty of them to work in a factory. 
But the workmen thought he was taking 
away their work, and they smashed all his 
machines and nearly killed him. He kept 
on with his invention, but he never reached 
success. 

A Great American Inventor 

Then the scene shifted to America, and 
most of the credit for the sewing machine 
lies in this land. About 1832 Walter Hunt 
of New York made a very good machine, 
with an eye-pointed needle and a shuttle to 
make a lock stitch. The.se two inventions 
were of great importance, but Hunt made 
the mistake of never taking out a patent 
on his work; and all the profit went to 
others. 

Next came Elias Howe, of Massachusetts. 
He was born of a family of inventors. One 


his family were frequently 
in dire poverty because he was unemployed. 

One day in Boston he heard his employer 
talking to a man who had invented a poor 
.sort of machine for knitting. The employer 
sjiid there was a fortune waiting for the man 
who could make a sewing machine. One 
night a little later, as Howe lay ill, he was 
watching his frail wife licnt over her needle 
till late hours — for slie had to take in sewing 
to get food for the family. At that moment 
Howe started to invent his machine. 

When he had a job, he worked on his 
machine at night, and w’hen he was out of 
work he put all his time upon it. But it 
took a long while. What bothered him most 
was the needle. He toiled a whole year 
before he found that a double-pointed needle 
with an eye in the center would not do. But 
finally he had a sudden idea of putting the 
eye at the end of a grooveii needle and of 
having a shuttle to carry a second thread to 
lock the stitch. 

When a Dream Came True 

The story goes that it all came to him in 
a dream. In his worry over his invention 
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and over the poverty of his wife and children, 
he is said to have dreamed that he had been 
brought before a great heathen king. The 
king ordered him to finish his machine or 
give up his life. Then the time passed and 
the machine was not ready. I'he warriors 
came to his cell, to lead him to his death. 
In the head of every s|)ear they carried 
was a hole like an eye! 

Howe awoke, and flew to his ma- IM 
chine. The problem of the needle w<is ■■ 
solved, and the machine gH 

was soon ready to run. W || 

more invention, but B a 

the kind of dream a man IV I 

might have in such con- 

world of trouble ahead of 
him. He challenged 
some women to a sew- 
ing race, they with 
needles and he with his # 

course he won, but 
all he had for his 

was the Sneucp Miiaeuin l>oii<lon 

hatred of the women, who thought he would ^ 
take their W'ork away, llien he had no 
money to put his machine on the market. 
For a while an old school friend came to his 
aid, advancing $500 for a half interest in the 
machine. But the friend grew tired of it, 
and no one else would take an interest in it. 
For a while Howe had to work as a railway 
engineer to get bread for the family. Then 
his health broke down again, and he had to 
give up that. But at least he had taken out 
a patent that was going to mean a fortune. 

The Bitter Struggles of an Inventor. 

Now there seemed to be a chance in Eng- 
land. A man in London named William 
Thomas bought the rights to it for $1,250 
and offered Howe $15 a week to come over 
and work with the machine in his shop. So 
Howe moved with his family to England. 
But he soon found he could not get along 


with Thomas. He had to borrow' enough 
money to send his wife and children back to 
America, and then work his own way back as 
a cook on a boat. He landed in 184Q, without 

How different from our Bwift Pven enough money 
ftnd beautiful sewing ms- to reach the bedside 
chines of to-dsyl These ri.* *11 •£ wtv . 

sre three early types. The wife. When 

he had f>orrowed the 

byThimmomerm 

1830. To the left money, he arrived 
IH H “ Kyte*s ma- Q^jy }^cr die. 

I B-W England in the But things had 

happening 


abroiid. 




S i while How'e had 
I been abroiid. Ma- 
t chines like his own 

market, using his 
patents. He now 
])()rrowcd enough 
money to figiit for 
his rights in the 
courts. There was 

82 000,000. 

Since that day, the sewing machine has 
seen all sorts of improvements, though the 
basic principle has remained the same. 
Among the main improvers have lieen Allen 
B. Wilson, William O. (kover, James A. 1 ). 
Gibbs, and Isjuic M. Singer. I'o-day millions 
of machines are turned out every year. 

There are a great many kinds of sewing ma- 
chines. A single American company makes 
about three thousand different kinds. Some 
of them are turned by hand, some by foot, 
some by electricity. There is a tiny machine, 
weighing 2l^ pounds, on which to learn how 
to sew, and there is a big one, weighing 2^ 2 
tons, for sewing great machine belts as much 
as an inch and a half thick. There are ma- 
chines for sewing on buttons and for cutting 
and sewing buttonholes. Some work with a 
single thread and make a chain stitch; some 
with two threads and make a double chain 
or a lock stitch. 
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The STORY of the CAMERA 


Reading Unit 
No. 14 


THE MAGIU OF THE CAMERA 

Note: For basic information For statistical and current facts, 
not found on this pa^c, consult consult the Richards Year Book 
the general Index, Vol, 1 5. Index, 

Interesting Pacts Explained 


How men Icarnerl to make the sun 
draw lectures, 10 446-47 

What the first cameras were like, 
10-447 

How l)aj<uerre discovered that 
the vapor of mercury would 
“develop” pictures, 10-448 

How the calotype made modern 
photo^»raphy possible, 10-448 

Things to 

\\’h> w.is Dapiierre able to make 
one (opy only of each fiictiire 
he took'* 

Wh\ do we see the world upside 
down in a camera? 


Why we stand on our heads in a 
camera, 10-449 

Why it is important to have a 
good camera lens, 10-449 
Why the true copy of what the 
camera sees is called a ‘‘nega- 
tive,” 10-451 

How films are developed, 10-450- 

52 

'‘hink About 

How is a photograph made^ 

How (lid Niepce and Daguerre 
make the sun “draw " pictures 
on plates lovered with chemi- 
cals? 


Picture Hunt 

tives" can we have of a giver 
photograph? 10-450-5 1 

Related Material 


What were the first cameras like? 
10 447 

How rnanv “negatives" and “posi- 


Why do we see images upside 
down? 2 290-98 
Why do astronomers use cam- 
eras? I 188, 190 
How are motion pictures taken? 
10-503-12 


What special kinds of work can 
the camera do? 10-452 


The camera is another sort of 
memory we have made for our- 
selves; it keeps a clear record of 


How can electric current be made 
to carry light? 10-124 
How fast does light travel? i- 
179, 417, 428 

How' does light help plants to 
grow? 2 43, 50, 194, 223 


By what process are pictures of 
rare books taken? 10 452 


all sorts of things that we may 
want to see again or that we can- 
not see firsthand. 


Practical Applications 


Summary Statement 
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These horses are running at about thirty miles an hour the human eye but even then, it was slow Modern 
To do that, their legs are working at sixty miles an hour electromc equipment has been made to take pictures at 
The camera w^ch **froze*’ their motion was faster than one one-hundred millionths of a second ' 

The MAGIC of the CAMERA 

How We Have Learned to Make the Sun Draw Pictures 
for Vs— Millions in a Minute If We Want Them 

|---|E ALL know how the sun changes the things that wc put in the light Tt is hard 

I Wl things. It takes the color to say ^^ho did this hrst As usual, a good 

LhhJ out of curtains and \\ all paper, and it many men began lr\ing it about the same 

puts color into leaves — for a ])ldnt that time, and thousands of them have been 

grows in a cellar will never be green. working ever since perfecting v\hat the first 

If you ever want to write your name on ones started, 
an apple, or on a pumpkin or wateimelon, Just about two hundred years ago a (ler- 
just cut out the letters of your name from man named Johann Schultze (shdol'tsej 
a piece of stiff paper and [)aste them on the made the sun coiiy on a jiiece of chalk some 
apple about the time it is starting to get wonls that he had cut out in a piece of paper, 
red, or on the pumpkin or watermelon about Of course he never dreamed of taking a 
the time it is getting ripe. Take off the paper picture, and little did he think a time would 
about ten days later and you will find your ever come when millions of pictures would 
name written by the sun in white. Ijc taken every day. But he knew that 

Now the story of photography — or “light certain chemicals change color very quickly 
writing’’ — is just the story of the many in the sunlight, and in particular that silver 
ways we have found to make the sun draw nitrate (ni'trat) turns from white to black 
pictures for us by changing the colors of almost at once. So he put some silver nitrate 
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ing all (lay for liis ]>ictun’ to 
ap|K*ar, let us go bai'k ainl 
sec whore his oaniora tamo 
from. 

Centurios ago a show man 
would iK'casionally set up a 
strange little tent on high 
ground near a town or city. Inside, it was 
all dark, hut there was a table in the renter 
covered with white i)a|)er. People U'-ed to 
pay to come in and look down at the table. 
What they saw there was a ])icture of ever}'- 
thing that w'as going on outside -the whole 
landscape, all in colors, with the people 
walking about and the trees blowing in the 
wind. 


that appeared in them. 

So a hundred years ago 
\icjKe had a camera all 
ready to take the first 
j)hotograph. All he had to 
do was to lake out the 
white glass and put in his 
bitumen plate. Then the light did the rest — 
in eight hours. 'Fhe bitumen hardcneil where 
the light struck it. When the plate came 
iml, the dark, soft i)art of the bitumen 
washed away, and there was the picture — 
faint enough, to be sure, but fixetl so that it 
would not fade. 

An Accident Gave Us Photography 


This is what the first **cameras’* were like. 
For you see the word comes from an Italian 
phrase meaning dark room.” In cam- 
eras like the one above* which one had to 
pay to enter* a hole at the top* with a lens 
to gather the light rays and a mirror to 
reflect them, made it possible to see on a 
table beneath the hole everything that was 
going on outside the tent. 


The First Camera Was a Tent 

This lent was a lamcra obscura (k*lni'er-a 
‘ “6b-sku'ra); the two words are Italian and 
simply mean a “dark room/' There was a 


But how' many of us will w'ait eight hours 
to take a picture? And how many things 
will stand still as long as that to have their 
pictures taken? 

So there w^as still a long way to go. And 


447 



THE MAGIC OF THE CAMERA 


the next great step was taken after Louis Fox Talbot. It was made out of paper coatee 

Daguerre (da'gdr^) joined Niepce as a part- with the same silver iodide; and when th( 

ner. Daguerre had l>een a painter, and he pa]>er was moistened, the picture on it coulc 

now' wanted to see if he could make the sun be copied any mumber of times. This kim 

draw' good pictures for him. For years he of picture is known as the calotype (kiH'o 

tried one chemical after another to find out tip), and with it we may say that modcri 

what the .sun w^ould do the best work on, photograi)h\' begins. All that has been don< 

and at last, about 1839, he hit upon silver since has only brought these first invention! 

iodide (i'6-did). A plate covered wdth this to the perfection tha' 

w'ould show a faint image from the 
light. 

And then came one of the luckv 
accidents that occur so often to assist 
inventors. Daguerre had exposed a 
plate but had found no incturc on it; 
so he put it aw'ay for the night in a 
cupboard where there happenecl to be 
a cup of mercur)\ In the moniing a 
picture had come out on the plate 
and so Daguerre discovered 
that the vapor of mercuiy* 
would “develop” jiictures! 

At once he started bath 
ing his pictures in the vapor 
from a cup of heated 
mercury. They all 
^ame out clearly; and 
nc learned how to keep 
them from fading l)y 
giving them another 
bath in salt water. 

Those w'ere the first ^ ^ ^ 

good photographs, and w’hich i^ at the rale of 

after their French in- As you read these books you wUl be struck by hundred eighly-eighl 
ventor they are called Jhe number of times accident has stepped in to billion in eight hour-.! 
j : help an earnest inventor. Here is Louis , i 1 1 

daguerreotypes (da- Daguerre in the act of finding that Fate has What would the good 

g6r'6-tip). People were NiqHc have tli..ught if 

soon flocking to have night in a cupboard in which there happened to he had fireamerl that pic- 

thpir niVtiiw he a cup of mercury, and now, in the morning, rmilfl hr l ilcrn of 

ineir pictures tdKtn. picture on his plate has come 

Sometimes the pic- view— “developed” by vapor from the a basidjall W'hirling and 

tures were taken on a mercury. curving from the jiilcher 

plate of tin, and so w'cre called tinty|X‘s. to the l)alter, or even of a bullet wdiu/ing 
Of course there could be only a single copy through the air? 


Fox Talbot . T t was made out of paper coated 
with the same silver iodide; and when the 
pa]>er was moistened, the picture on it could 
be copied anynumber of limes. This kind 
of picture is known as the calotype (kiil'o- 
tip), and with it we may say that modern 
photogratihy begins. All that has been done 
since has only brought these first inventions 
to the perfection that 
we see to-day. 

The paj)cr plates 
were follow'ed by the 
glass plates made by 
Scott Archer in 1851, 
and these in turn, 
twenty years later, l)y 
the gelatin film we use 
to-day. Of course there 
have been hundreds of 
other improvements. 
And step by step the 
time required to make 
a picture has grown 
less and less as the jilates 
have been made more and 
more sensitive to light 
A hundred years ago 
Niepce needed eight 
hours to lake a single 
picture, anc+mow we (an 
take a picture in a mil- 
lionth of a second 


I 


of each picture, for the original plate was 
the picture itself. So they w'ere stiU different 
from our modern photographs. 

A Picture in a Millionth of a Second 

Clearly the next step was to take a picture 
on some kind of plate from which many 
copies could be printed. Such a plate was 
very soon invented by an Englishman named 


lent has stepped in to billion in eight hour^. 
or. Here is Louis , i 1 .l i 

Inding that Fate has Uhal W'ould the good 

►cess For photography. ha\'e thought if 

ed sensitive plate all . / , , . . ^ 

ich there happened to he harl dreamed that pic- 

.ra'srirss '■'■"I'l i--, '“t™ 

by vapor from the a bas(‘ball W'hirling and 
curving from the jiilcher 
to the l)alter, or even of a bullet wdiu/ing 
through the air? 

How Light Rays Are Bent 

The rays of light aUvays go straight. 
When they strike an object that reflects 
them, they bounce off it in lines as straight 
as those in which they came. It is true that 
when they pass from one kind of medium 
to another, as from air to glass or water, ■ 
they are bent at the point where they enter 
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You have perhaps often heard that glass bends the 
rays of light as they pass through it. Because it does, 
we can place a glass lens in the eye of a camera so 
that it will bend all the rays of light that reach it just 
enough to throw a small picture of what the camera 
sees against a sensitive film behind the lens. The 


diagram above shows how it all works. Follow the 
paths of the rays from the child’s head and feet and 
see where they go when they reach the lens. That 
will show you why the picture on the flta is always 
reversed from right to left and is upside down. This 
happens in our eyes, too, which are really cameras. 


the second medium; hut afler the one bend 
thev keep on going as straight as before. 

We Stand on Our Heads in a Camera 

Now when light comes in at the little hole 
in the front of a camera and spreads out 
inside to make a i)icture on the plate at the 
rear, it is all turned upside down. And we 
can easily see \\ hy. Suppose a man is stand- 
ing in front of the camera to have his picture 
taken. I'he rays of light from his head will 
:ome down to tlie hole in the camera, and 
the rays from his feet will rise up to it. 
They w'ill all pass througli the little hole 
together, and will keep right on in the same 
straight lines inside, to .s])read out over the 
plate at the rear. So when they reach the 
plate the rays from the man’s head are at 
the bottom and those from his feet at the 
toi>; and the whole man is up&ide down in 
the picture. 

We See the World Upside Down 

All this happens whether there is any lens 
in the hole or not — it happens every lime 
the light goes through a tiny hole. Tn fact, 
it happens in our own eyes, for the pupils 
are very much like the oi)ening in the camera; 
we always see the world upside down, 
though we hardly can believe it because we 
always turn it right side up again so easily 
in our minds. 

So a lens is not absolutely necessary in a 


camera, fo^ we could take a picture through 
a pinhole if we had to do so. But w'e need 
plenty of light to take a rapid ])icture, and a 
pinhole lets in very little. What the lens 
does is to let in a great deal more and still 
send every ray of it through one point 
smaller than a pinhole. For a lens is just 
a rounded piece of glass that bulges outward 
in the front of the camera. Because it is 
larger than a pinhole it lets in more rays of 
light, but because it is rounded it bends the 
rays until they all pass through a given 
[)oint and then spread out again to cover the 
plate in the back. You can see just how all 
this happens in the illustrations. 

The Part the Lens Plays 

That is why it is so important to have a 
good lens. A poor one may not send the 
rays exactly in the right lines, and then it 
will be sure to blur the picture. To make 
a really good lens is a fine art, and the 
picture it wdll take is maiw^lously clear. 

But though there must be plenty of light, 
it must not last too long. With most of our 
cameras now’ the light is let in only for an 
instant. And for this purpose w’e have a 
metal shutter, covering the lens, which can 
open and close so fast that we can hardly 
see it move. 

The modern film that catches the picture 
is a strip of celluloid coated wdth gelatin 
that has been treated with bromide (bro'mid) 
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She IS having her picture trfken. That is to 
say, a little shutter is being opened to let 
hght rays reflected from everv part of her 
figure pass through the glass lens that you 
see in the front of the camera shown m the 
oval The shutter is just m front of the 
lens, and is often operated by a bulb on a 
long rubber tube Part of the collapsible 
bellows of the camera has been removed 
so that you may see her inverted image 
cast on the film at the back of the camera 
The film is wound into a roll at the end of 
the camera, and will hold many pictures 










0 


V,*' 


Below, our boy is 
treating his strip of 
film to a chemical 
bath to bring out the 
pictures on it. 






vV 


A photograph- 
ic pnnt must 
have a chemi- 
cal bath to 
bnng out the 
picture, and 
one to “set” 
the tones. 






A picture on a film has 
black for white and white 

for black, that is, it is a ^ 

**negative,” hke the one 
at the nght When paper 
sensitive to hght, like the 

sheet above, is placed under it, the light rays 
reach the paper through the white parts of the 
negative and produce a chenucal change m the 
paper. But the dark spots on the negative protect 
the paper from light. 
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never have a chance to learn the art of the 
dark room. For to make a picture turn out 
well is a real art. 

The camera does all sorts of work for us. 
For making certain kinds of records it can 
have no equal. Just suppose we had pictures 
of Julius Caesar and his army, of David and 
Goliath, and of all the famous men and 
things of old! With today's cameras people 
can keep all the pictures they may want of 
the great men and the great things in their 
history. And just as they will travel far 
back into the past to see the men of old, so 
they will sit quietly at home and see the 
great sights all over the world in their own 
lay. That we can do now, for the camera 
’vill bring them all to our fireside. 

A Camera for Every Need 

The camera explains a host of things that 
are often very hard to put into words. 
Think how much the photographs in this 
book have told you! Think of the pictures 
of hats and shoes and motor cars and hun- 
dreds of other things that are sent out by 
the million every day to people who may 
want to buy. 

To do all sorts of things we have made all 
sorts of cameras. If we want to find out 
what is in some rare and i)riceless old book 
or manuscript in Europe or Asia, we can 
have pictures of its pages taken by a photo- • 
stat (foTd-stat) ; and if a lot of other jK^ople 
would like to see it, we can print the pictures 
in a new book, which will be just like the 
old one. In some places the men who come 
to read the gas and electric meters simply 
take a picture of them with a factograph 
(fak't6-graf) — a camera that flashes its own 
light to take the picture. For a picture of a 
distant mountain or of anything else far 
away, we can use a telephoto (t^l'^-fo'to) 
camera, which has a lens like a telescope. 
With this a man can sit in the grandstand 
at a ball game and take a picture that will 
show whether the runner was safe or out by 
an inch. In order to keep records of all 
sorts in small space we can photograph them 
on microfilm — 16 or 35 millimeters wide. 
During World War II the Germans sent 
their spies full-page messages on films the 
size of a period on this page. 


There are cameras for taking pictures 
way down in oil wells, or far beneath the 
sea, or inside the human body. There are 
cameras that go uj) in airplanes to snap 
photographs of vast forests and wildernesses, 
and so help in making maps of all the 
country. In Canada thousands of square 
miles of unknown land have been mapped 
in this way from the sky. Such cameras 
are very busy when there is a war. They 
sail out over the enemy’s lines and get pic- 
tures of all he is doing. There is even a 
camera that shows an aviator how to shoot. 
The aviator simply aims the camera at an- 
other airplane, and pulls a trigger; and the 
camera shows him where the shot would 
have gone if he had been shooting a machine 
gun. And there are cameras that do re- 
markable work in surveying. 

The Sharpest Eye in the World 

There are hundreds of other things that 
cameras do and hundreds of other cameras 
to do them — from the cheap little toys that 
will go into a waistcoat pmket to the mag- 
nificent machines for photograjAiing stars 
billions of miles out of our sight, or for taking 
pictures of things under the microscope that 
are thousands of times too small to see. 
With a camera and a telcscopcrwe can find 
a million stars where we can see only one 
with our own eye. With camera and micro- 
scope we can make a picture of many a 
thing so tiny that a million of them in a pile 
would be too small to see. And with camera 
and an X-ray machine we can see the bones 
in our hands or a flaw in a piece of steel. 

One of the most exciting of all the recent 
improvements in photography has been the 
perfecting of color film. For a good many 
years wc have had colored moving pictures. 
And by ig35 it was po.ssible to take pictures 
that faithfully reproduced what the eye saw 
and then to print them in color from the 
film. The process was of great value for 
aerial photography during the war and will 
be of great use to science in countless ways. 
So. in the sciences, as in the rest of life, the 
camera gives us a record of many things that 
we should never see without it, or should 
find hard to remember. It is an eye with an 
automatic memory attached. 
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Reading Unit 
No. 15 


EVERY SHIP MUST HAVE AN EYE 

iXotc: For basic information For statistical and current facts, 

not found on this page, consult consult the Richards Yaar Book 
the general Index, IV)/. 15, Index. 

Intere.sting Facts Explained 

Why mariners of old would not 10-455-56 

j<o out on the deep sea, 10-454 Hr)w iron on a ship affects the 
W'hen the tompa.ss came into use, compass, 10 456 

10 455 The North Pole and the maenelic 

'Phe compass ('olumbus used, la- jxjle, 10 456 

455 When Sperry invented a nun- 

How a ship’s compass is made, magnetic compass, 10-457 

Things to Think About 

Wh- ihe gyroiompass more Why must mariners know malhe- 
useful to shii)s than the mag- matics when they use the mag- 
netic compass? netic compass? 

What risks did mariners have to What use is now made of the 
run when they had no compass? gyrocompass.'* 

Related Material 

What is the st(jry of Columbus’ What is, in a .sense, the ancestor 
life? 13447-55 of the radio and television? i- 

When is a radio compass espe- 480 

cially useful to a shi|)? 10 121 How did Faraday make u.se of 
What did the ancient Chinese Oersted's work with magnets? 

use as conijiasses? i 455 1-504-6 

What metals will magnets at- What is the u.se of the magnet 
tract.** I 486 in the telephone? --520 

Practical Applications 

What u.se is made of the gyro- How does the compass show ships 
compass in sea and air naviga- where to go? 10-455 
lion? 10-457 

Leisure*time A ctivities 

PROJECT NO. I : IMake a mag- PROJEC^T NO. 2 : Find out what 
netic compass, 10-455 gyroscope can do. 1-291 

Summary Statement 

When the compass came into day the eye of many a ship, 
use, it guided mariners all over though the gyrocompass has re- 
the wide^seas, and it remains to- placed it on the larger ones. 
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EVERY SHIP MUST HAVE an EYE 


And That Eye Is a Little Needle 

Points to 

F YOU ever get lost in a vast forest 
you will ha\c the worst lime >011 
ever had in your life Of (ourse \ou 
will try to w^alk out of it, and if you can only 
keep on going in a straight line >ou will get 
out sooner or later —unless you sUir\e on the 
w'ay. The trouble is that }ou will IukI it 
ju^t about im])ossible to keep on in a straight 
line. You w'ill Imd you are just going around 
in circles, and forever coming back to the 
place w’here you started. 

If the sun or stais are shining you may 
keep in a fairly straight line by finding out 
the south and kceiiing your face to it. But 
if the clouds arc thick, you will find it hard 
to tell south from north. Then you probably 
will have to find a stream and keep going 
down it. Somewhere it will turn into a 
river, and the river will have towns on it — 
and yet how a stream docs wind around! 


Which for Some Reason Always 
the North 

But now sup[)ose \ou were lost at sea It 
would be ten limes woise. No hills to mark 
the wa\, no slieam lo follow — nothing but 
llat, hungry water all aroiiml >ou' One 
dnettion would look exactly like cveix 
other, ancl you would not ha\e the least 
notion which way lo turn your boat unless 
unless you had a compass. But if you only 
had a little iom]>ass, and could hold out, 
xou could get to land. 

Now that is why the mariners of old would 
never daic go into the deep sea. They had 
good boats, and they wxtc brave and cunning 
sailors, l>ut they had no little compass, and 
no way to tell w'hcre they were going. To 
be sure, they could often find their way by 
the sun or by the North Star — if the w'cather 
kept clear. But if it was cloudy or foggy, 
they might as well be blind. So they nearly 
alway*» had to keep in sight of land. And 
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that, of course, was very bad, Ijecause they 
had to go so much farther when they skirted 
a meandering ‘coast line, and because there 
are so many rocks and shoals arouiifl a 
coast. Yet it was the l)cst they could do. 
They could never venture far from shore, 
and never dream of crossing 
an ocean like the Atlan- 
tic. 

Hut then came the 
little comi)ass, and 
soon they ct)uld go 
anywhere. Wher- 
ever they might be 
they could not get 
lost, for tlu-y always 
knew where the 
north was. .\nd it may 
well be that they would 
never have found America with- 
out that little compass. 

Xt)body knows who made the 
lirst compa^... ip the oil days a 
man did not patent an invention, 
and so leav(‘ a famous name behind 
him; and the invention came only 
very slowly into use About the 
most we know is that for a long 
time after the year looo the bold 
sailors of Venice and t)ther cities A\eie still 
traveling just as the Clreeks and Romans 
did hugging the coasts and sometimes 
letting loose a bird to .see which way lie 
woulcl ily to get to land. Hut by about 
i.:^oo the compass was beginning to come 
into use. And a good while before the time 
of Columbus, it w'as the guifle of the Siiiloi^, 
such as those Prince Henry the Navigatoi 
was sending down the African coast on their 
great voyages of discovery. It was soon 
to guide such men all over the wide .seas, 
and it remains to-day the eye of every ship 
in the w’orld. The proudest i>f our tK'ean 
, grayhounds w'ould be blind without its little 
needle to show' them w'here to go. 

How to Make a Compass 

You can make a pretty good compass for 
yourself if you want to. All you have to do 
is to rub a needle 'on a piece of lodestoiic, 
’ or on a little horseshoe magnet, run it 
through a bit of cork, and then float it in a 


little bowl of water. In an instant it will be 
pointing to the north. Or you can hang it 
by a thread, or set it on top of a light pivot, 
and it wdll do the same thing. It will always 
jioint north and south, and vou can figure 
all the other directions. 

We have no i)ositive jiroof as to why the 
needlt" does that. We just say that the 

whole earth is a 
big magnet, and 
let it go at that; 
for though we 
know a great deal 
about magnetism, 
we do not know 
what causes it, any 
more than we 
know' what causes 
gravitation. Long 
ago we knew' that 
a lode.stone would 
a(‘t in this peculiar 
way, and that a 
piece of steel rub- 
IxmI on it w'ould do 
the same thing. 
Hut it was a long 
lime before any- 
bod\' thought of 
using the piece of steel to tell a ship w'hich 
w'ay to go, and even yet w’e cannot say w'hy 
the bit of steel diies it. 

How a Ship’s Compass Is Made 

Of course the kind of compass you would 
make would not do for a ship. The water 
in your bow'l would all spill out as the ship 
tossed on the w'aves, and the needle hanging 
on your thread w'ould swing around wildly. 
'The ship's compass is a highly perfected 
thing, and very delicately balanced — for it 
must take us all the w’ay across the ocean 
and gel us precisely to the point w'hcre wc 
w’ant to go. Tlic ship’s needle is a far belter 
one than you could make, an<l indeed there 
are several needles, to make ever}' thing 
surer. The needles are fastened to a compass 
card, with all the points of the compass 
marked on it, and the whidc thing is mounted 
on a very delicate pivot, so that it may turn 
very freely. Then it is shut up in a tight 
littie box, and the box itself is mounted on 
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Here is the helmsman, with his clear eyes 
and steady hand, ready for any wind or 
weather. And here is a simple type of the 
magnetic compass, his friend and guide. 




OnttI quite lately we believed that the earth’s magnetic 
*•“*’' *•** compass points, was a single 
point, which seemed to shift about over an area lying 
Si! fif'^*' ^ *'’* mainland of Canada How we know 
tiiAt the magnetic pole which does not by any means 

some ingenious sujjjiorts, called gimbaK,' 
which keep it i)crfectl> lecel no matter how 
much the boat pitches and tosses and rolls 
about There were comiiasscs like that two 
centuries Ijefore Columbus, though of course 
there have been man^ delicate imjirovements 
since. 

How Iron Affects a Compass 

Though the principle of the magnetic 
compass is always the same— that of your 
little needle in your howl of water the 
compass has to be made with very great 
care if it is going to steer a ship We all 
know that a piece of iron near a magnetic 
needle will pull the needle around from 
the true norA more or less, according to the 
size of the iron and to its nearness to the 
needle Now boats are made of iron, or 
Steel, and even when they are built of wood, 
they have nails and other bits of iron in 


coincide with the North Pole is really a large magnetir 
has three centers of magnetic strength 
Sr® A® northe«, tip of Boothia 

Peninsula Another is on Pnnee of Wales Island And 
inc third and northernmost is on Bathurst Island 

them So the non in the boat is .ilwajs 
twisting the needle more or less, and llie 
greatest tare must he iistd m builcling the 
boat to jircxcnt as mu( h of this as jiossible, 
and then we must make due* .illowaiKc for 
anj jiull on the necsllc that cannot he 
avoided So the make is and the users of 
the comjiass must he verv skillful men It 
still takes good liguring to sail straight to 
d given iMiint three thousand miles away 
over the pathless waves 

Where Is the Magnetic Pole’ 

Then there is another thing that is even 
more i)u//ling We s.ud the needle always 
pointed straight north, and so it does Hut 
it does not ixnnt at the North Pole For its 
own good reasons, it points at the magnetic 
pole, which is quite a dilTerent thing You 
cAn see this for yourself if you will ink^ a 
little Cc^mpiass, or even your own needle, out 
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Tlus IS the array of instruments that the navigators directing the course of the vessel. Their most valu- 
of a modern ocean liner use in guiding their ship. In able aid is the gyrocompass, which is located below 
the wheelhouse,** which is on the “bridge” m the decks and which relays the ship’s “headmg” to the 
forward part of the ship, men are constantly at work officers on watch by means of “gyro-repeaters.” 

sonic night and look \\luTe it jnnnlmg. of cour‘^c the nialhemalicians help us with 
Tl will not he pointing at the North Star elaborate charts to make it easier, 

at all. hut (juite a hit to one side of the North hor all these reasons, we W’anted a Com- 
star where the magnetic ])ole is. Xow pass that W'oulil not be magnetic, and so 

just how nukli it will jioint away from the w^ouM not lie forever varying. And finally 

North Star will dejiend on wheie )ou are an American inventor, Elmer A. S]>erry. 

whether in New \oik or ( alifoinia. on the gave us such a compass in iqii. It is the 

Atlantic or on the Pacilic. In some jilaces gyrocompass (ji'ro), and is a very com- 

it wall point to one side of the star, and in plicated device, though its principle is that 

some places to the other side. And more curi- of any g>Toscoi>e (ji'ro-skop). It has 
ous still, tlie magnetic north is always chang- nothing to do with magnetism, and it never 
ing just a little hit, and in any one year the varies or asks for any correction. This corn- 
compass will not ])e j)oinling exactly where it pass W’as lirst used in w'arships and in air- 

pointefl a year ago, or ten years ago. So j)lanes, hut is now employed in most of the 

to tind out tlie true north wall also depend big lioals of the w'orld. In storm or fog, 

on just when you ha])j)en to he looking h)r it. by night or <lay, it guides us across the deej) 

Anyone can see that all these things must as surely as if there were a signpo'^t at every 
make it very hard to handle a magnetic half-mile of the way. It is ahvavs used in 
v.om])ass as precisely as we must in sailing submarines, in which the compass is entirely 
over the ocean. Wc have to know a good inclosed in iron; for under those conditions 
deal more of mathematics than most people a magnetic compass would hardly w'ork at 
•ver learn if w'e are going to do it- though all. and the submarine w’ould be quite lost. 
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The STORY of TIME KEEPING 


Reading Unit 
No. 16 


HOW WE LEARNED TO TELL THE TIME 

Xote: For basic injorotation Fof sfatistuai and current facts, 

not found on this pa^c, consult consult the Richards Year Book 
the i^encral Index, Vol. 75. Ipidex. 

Interesting Facts Explained 

When stones were used to tell the dies, 10 462 

time, 10 460 When the word “clock" meant a 

When we first hear of a sundial, '‘bell," 10 464 

10 460 How an ftalian hoy discovered 

When .speeches were timed by wa- the pendulum, iq 4l)4-()0 
ter clocks, lo 4OT How time is kept at sea. to 46()- 

The advantages <if the hourglass, 71 

10-461-62 Where to-day becomes \e.s!er(lay, 

Counting time with burning can- 10 47^ 

Thinffs to Think About 

Why are our clocks set to agree tages of the different w’ays of • 
with (Ireenwich time? telling time liefore the in\en- 

How^ does the sundial tell the tion of the clotk-* 

time? How does the i)endulum help the 

What were the chief disadvan- clock U) keep accurate time^ 

Related •Material 

What kind of clocks did the early 12-215 

colonists have? 12 105 How is time kept on board shij)^^ 

How does the Xaval ()bser\'atory 10 500 
regulate thousands of clocks in What is the law of the pendulum^ 
the United Statci^? io-(;o i 2c;2, 13 3g6-g7 

What kinds of clocks do astnmo- What regulates a watch? i 2g2 
mers use? 1-186 Why must a tele.scope be adjusted 

How did time come to be an im- if a given star is to be kejit in 

portant feature in all music? sight? i 186 

Leisure^time Activities 

PROJECT NO i: Make a water PROJECT XO. 2 : Make a can- 
clock, 10-462 die clock. 10 462 

Summary Statement 

As civilization advances time accurate time that we know when 

becomes more and more precious, to start trains or boats and when 

but we have learned how to make to keep engagements. Other- 

clocks and watches that keep such wise, our lives would go to pieces. 
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At present this old gentleman with 
the hourglass and scythe is seen 
chiefly on New Years’ cards and 
almanacs But there was a day 
when temples were reared in his 
honor, for Father Time is none 
other than the Roman god Saturn, 
who, through a misunderstanding, 
was always thought to be the same 
as the Greek god Cronus Cronus 
carried a sickle and ruled over the 
harvest And he was not a gentle- 
man He ate up his own children 
But so does Father Time, for that 
matter The only difference is that 
Time nibbles away at us year by 
year, whereas Cronus took down 
his children at one gulp 


I 
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HOW WE LEARNED to TELL the TIME 

Long before We Ever Had Clocks and Watches We Used to 
Keep the Time with Sand and Water and Candles, 
and Many Other Things 


0 UST for a niinulc suj^posc lr> to 
think of a world without an\ clocks 
or watches,or tvcriaiu sundial What 
would things be like:* Nol)od\ would know 
what time it was Nobod\ would know 
when to go to bchool or to woik or to (huich 
the people would all be stiaggling along at 
diflcrcMit times No one could be suie of 
keeping any engagement Nobod\ wouhl 
know when to start a boat oi a tiain In 
lact, the trains would all be running into 
one another, because they wouhl all be start- 
• mg at the wrong time No one would even 
know when to eat, and a lot of us would 


miss oui dinners’ It would be a sorr^ sort 
ot woild 

But this ver\ world of ours was once ju'^t 
like that (^t courst it did not make so much 
difTircncc tlun Nobod\ cared what time 
It w IS Ihcu were no schools or churches 
to go to and no trains to start Vnd as for 
eating a man just ate when he got hungr>— 
oi rather, whtnt\cr he ctmld find something 
to cat Nobody ever had to be “on time ’’ 
there wasn’t any time 

bo when the first man went awa^ from 
his cave, neither he nor anvbody else knew 
when he would be back He would just 
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come when he came, and they could expect 
him when they saw him. That was about 
all he could do about it. 

But after a while, of course, he wanted to 
let them know about when he would be back, 
and in the long run he found out a w^ay of 
telling them. Day after day he had noticed 
that the shadow of a certain rock or bush 
beside his cave got to about the same place 
at the same time every 
afternoon. So w'hen he 
went away he set a stone 
down at a certain point 
on the ground. He 
would try to get back 
when the shadow 
reached that point. 

Now this man was a 
genius for his early day. 

He had begun the first 
rude sundial. For he had 
found out a way to make 
the sun tell him the time. 

And we have never 
found anything since 
that will tell it better, 
ill our clocks and 
watches are just ma- 
chines to mark off the 
time that the sun tells us. 

Then this man, or 
probably some other 
one, thought of another 
thing. If one stone in a 
certain place would 
mark the time when the 
sun reached it every 
day, then a whole set of stones, placed at cer- 
tain proper distances apart, would divide up 
the whole day into fairly equal periods. He 
would know about what time it was when the 
shadow came to any particular stone. The 
first stone might mean about what we call 
six-o’clock in the morning, the second sev^n, 
the third eight, and so on. Then the man 
might stick up a sharp-pointed pole to cast 
a better shadow than the rock or ljush ; and 
the first sundial would be complete. 

Why We Gave Up Sun Time 

How long ago it was made we do not know. 
Probably it was i)retty old; but the first time 


we ever hear of a sundial is in the Book of 
Isaiah, XXXVTII, 8, and this comes from 
about 700 B.c. 

Of course for a long time the sundial was 
far from perfect. It was of no use at night 
or on a clouily day, and it was of very little 
use at sea, on a dancing deck. More than 
that, the sun never rises and sets at the same 
place or time any two days together. So if 
the shadow readied a 
certain stone at nine 
oVUkU one day, it would 
be a little earlier or later 
the next day ; and after a 
few months it would be 
seriously out of schedule. 

Hy about 300 n.(’., at 


day into twelve equal parts, or “hours.’’ 

But then there was another Irouldc. 
The days of the year arc not of ef|ual 
length. In the winter the sun may be 
up for only ten hours, while in the sum- 
mer it may be u|) for fourteen. Now if 
the shadow of the sun has only a brief 
time to travel through the twelve sections, 
it will have to hurry, and the “hours” 
will be shorter; while if it has a long time 
it will creep more slowly, and the “hours” 
will be longer. So every day would have 
twelve hours of sunlight, but the hours 
would be longer in summer tlian in winter. 
And that was always a trouble with the 





least, a way had bi'en 
invented to correct this. 
A man named Berossu'^ 
(be-ros'us) in Balnlon, 
a priest of the h(*alhen 
god Baal of uhom we 
hear so much in the 
IBble, mad<‘ a hollow 
hemisphere, like a bowl, 
with a tin\ ball al)o\e it 
to cast a shadow’. 'The 
shadow^ of the ImII trav- 
eled across the cuived 
surface of the bowl once 
a day; and by dividing 
its j)ath into twelve sec- 

He must have looked a great deal like this the tions and then drawing 
genius who first drew a curve to mark the traveling ^ 

shadow of some rock or tree, and then divided it sonK* ingenious curves 
into convenient lengths. That was the world's hnwl 

first sundial-a clock that could never run down. 

one could divide e\ery 


riitito hy Nali«in.al Miiwiiu 
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‘‘hemicycle of Berossus/* as the sumlial of Then he would 
that worthy man was called. time would al\ 

, drop and the k 

Telling Time with Water 

Yet his sundial was so good that it came ware one could 
down through many centuries in Greece water had run 
and Rome. Sometimes it was made fairly much time was 
small, but sometimes it was big enough made out of gl 
to fill a whole courtyard. Sometimes it But then the w; 
was a dark cavern with one little^ was full than wl 

beam of sunlight coming ^ the next thing 

through a hole in the top. 

But the curved dial ^^as an 
awkward thing. 1 1 w as hanl 
to read unless it was large, 
and then it would be hard to 
make. So the world mostly 
went back to Hat sundials 
with the pointer directed 
due north, and found out 
wa>s of making them i)rctt\ 
accurate. Indeed, peo])le 
made very' ^i^^srate and 
very beautiful sun- 
dials all through the 
da\s of Greece and 
Rome, and all through 

X I • I 11 A I I'lioto Ia Mutual 

the Middle Ages, down i i .... 

, ’ , , At the left is the clever water clock of Ctesibius 

to two or thrc'e hundrefi of Alexandria. As water ran out of the con- 


W 


Then he would know that this amount of 
time would always pass between the first 
drop and the last drop. 

As long as the clepsydra w^as thick earthen- 
ware one could hardly tell how much of the 
water had run out at any moment, or how 
much time was gone. So the thing was soon 
made out of glass, to remedy that trouble. 
But then the water ran much faster w'hen it 
was full than w’hen it was nearly empty; and 
the next thing was to arrange to keep it 
alway's full, and measure the water that had 
^ run out, into another bowl 

beneath. But at best it 
w as an uncertain time- 
piece. It was too like- 
ly' to get clogged, and 
then the orator might 
go on forever! 

^ For in Rome men 
used to time their 
speeches in the law 
courts by' the clepsy- 
dra. The poet ^lartial has 
a story about a tiresome 
speaker who kept w'etting 
his lips w'ith a si]) of w'atcr 
. .... ^*^<1 ''ho finallv said it 


to two or three hundrcfi of Alexandria. As water ran out of the con- might reliev'e him and his 

years ago, wh<-n clocks mSchine^ hearers if he drank out of 

and watches began to figure with a pointer to rise gradually and so the clepsydra! 
vfi.... to indicate the numbers on an index. Athens 

grow common. After jg thought to have had a clock of this kind in * clepsydra lent itself 
that, the sundial was its famous Tower of the Winds, with the to the jeweler’s art, and 
1 • 1 r cistern for it in one of the turrets. r. i , 

used mainly for an orna- At the right is one of the familUr sundials. very beautitul 

ment in gardens, as it Its shadow at noon points directly north; and and verv costly. It could 
... . f . / as the sun travels down the sky, the shadow , r i" . • i 

slill IS from time to time, travels too, through aU the hours of afternoon, be a gift for kings. .And 

Long before t hat, sometimes it could be very 

” 1 1 r 1 sleep for the mght; but it wakes precisely at . 


the clepsydra! 

The clepsv'dra lent itself 


sometimes it could be v’cry 


liow'CV'er, men had found sunrise, and proceeds to mark the morning ingenious. Indeed, a cer- 
wnvQ nf hours that lead up tO noon. I.iin f 1 


out other ways of keep- nours tnat leao 

ing time — ways to count the time at night, 
on cloudy day's, or on the .sea. One of 
these was the famous water cl<Kk, or 
“clejisydra” (klep'sl-dra). The word comes 
from the Greek and really means the 
“water thief.” 

How a Water Clock Works 

At first it was simiily' an earthenware v'esscl 
with a tiny hole in the bottom. When this 
W'as full of water, the water would drip 
■ slowly away, and one coul<l measure the 
time it took for all the water to leak out. 


p to noon. Ctesibius (le-sib'i-us) 

of Alexandria, about 140 b.c., made a clep.sy - 
dra w'ith a sv'stem of cogs t hat caused a pointer 
to indicate the hours of the day'. 'Fhis was 
the nearest thing to a clock in ancient days. 
But the great fault of the clcpsv'tlra is that 
it did not tell the hours - it only told how^ 
much time had gone by' since it started. 
Kven so it stay'cd in use for a long while-- 
in France and Italy until around the year 
1500 — though it sometimes fro/e in winter! 

This last trouble never ha|)j)ened with the 
hourglass. For the hourglass used sand, or 
in rare cases mercury, instead of water; and 
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fine sand will trickle through a little hole at 
a very even rate. The hourglass was a fat 
tube pinched in at the w'aist to leave only a 
tiny hole. When the sand had run out of 
the top into the bottom, the glass could be 
turned upside down to let it run back, 
or to begin an- 
other hour. Of 4|JI 

course the 

glass did not K J j 1 

always meas- a t ^ 1 * 

ure an hour; ft* 'V '{ ^ ! 

sometimes it ’’ 

counted only r r 
half an hour, i, 
and it could be 
made to count 
any period ^Tlrr^ 

from a minute 


keej) an hourglass to time their sermons, and 
to this day there is one in use in the Knglish 
House of Commons. It runs for only two 
minutes. When there is going to be a vote, 
the sjieaker starts the sand running, and all 
sorts of bells are rung to tell the members 
they must be there to vote in two min- 
utes, before the sand is out. 

'fhere have been other ways of count- 
ing time, and 
almost any- 
body could in- 
\ vent one if he 
tried. Soine- 
timis it has 
l)een counted 
with a l)urning 
eandle For a 
good candle, 
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rhoto bv Allnari 


It wtB this great Italian who made our modem clocka cathedral at Pisa on that windy Sunday when the awing- 
and watches possible. Here Galileo is shown in the mg lamps Uught him the secret of the pendulum. 
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Clever gardeners like to make these floral clocks, in a pair of hands over the top of a round flowerbed 
which a mechanism hidden inside the mound drives planted to represent the face of a clock. 


s<*mething better than till this was needed, 
iiiough nothing better came until toward the 
end of the Middle Ages 

Clocks without Faces 

By that time there were a great many big 
churches and cathedrals. Then some one 
invented a machine to ring a bell and call 
all the people to church at the same time. 
It was not exactly a clock at first; it had no 
hands or face, and it did not tell the time. 
It only rang a bell. But it was the father of 
all clocks, and the very word “clock” in the 
beginning meant a “bell.” It worked with 
a heavy weight which turned some wheels; 
and when the w'heels reached a certain 
position, they made the bell ring. Some- 
times they made an iron figure of a myan, 
or some similar thing, step out of the 
machine and strike the bell writh a hammer. 
Such figures were called “Jacks of the 
clock.” 

No one knows just who made the first 
clocks or just when But by the year 1300 
they were beginning to be like our modern 
big clocks, with a face and a hand to tell the 


time. By 1379 theie i*ime what h.is been 
called the i)arent of all our modem time- 
pieces. It was then that tlie king of Frame 
called on Henry dc Vick to buiH a clock for 
the royal palace in Paris. And the clock he 
made is still standing, though the ro\al 
palace has long since turned into the J\ilate 
of Justice. It was driven by a weight of ti\e 
hundred pounds, and it still had only one 
hand, but it followed the same basic prin- 
ciples of clocks down to our day. l"or about 
tw'o centuries after it there was no great 
change in clocks. 

A Boy Discovers the Pendulum 

And then came the pendulum. In 1581 
an Italian boy who was just beginning to 
study medicine was sitting in the great, 
draughty cathedral of Pisa watching the 
hanging lamps as they swung Imck and forth 
in the breeze. Now they would be swinging 
just a little way; then a gust would strike 
them and they would swing a wide sweep. 
And the boy began to notice something. 
Since he was the first person in all the world 
to notice it, we need not be suq^rised to 
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In the cathedral at Lund» m Sweden, is this 
. famous astronomical clock, first wound up 
/ 500 years ago. It haskmghts that do battle 

■a every day at noon, trumpeters v 
III that play a hymn, and Wise Men 4 i ^ 
B that bow to the Virgm. A 

■L But most remarkable #1 jflH 
of all IS the lower dial, 
where the movements 
BD^P of the heavenly bodies, 

IflB the calendar, and cer- 
BBI church festivals 

BIB correctly shown. 

BfS B— This quaint old as- 

BNI tronomical clock at ^^Bn 

’1 Prague was built in JH!BB| 

N t \ 1419* It IS said that JwWT ^ 

N the maker’s eyes were 

yi put out to prevent his 

building another But 
<j|| he stole a part of l BpPBg| 8 1 ^B " 
1^^ , the works, which no xUBmPfUK 

QUIB could replace! 




C Big Ben, 
ljM|the most fa- 
IB mous bell in 
|Bthe world, 
announces ^ 
the hours ® 
wor this 
clock on 
wQ Parliament 
House, in 
mI London. 


£ 

-r 0 ” 





D-The fa- 
mous clock " 
on the tower 
of the Met- 
ropolitan 
Life Build- 
ing, New 
York City 
£ The 
hour hand 
of the clock 
for which 
Big Ben, in 
London, 

’ speaks. | 


m 


!S 
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know that he was a great genius- no other 
than the famous Chilileo (gftl'Me'o). 

He noticed that however far the lamp 
swung, it always took the same length of 
time to come back. If it w’ent a little w'ay, 
it traveled slowly, and if it made a big sw'ing 
it went fast; but always it took exactly the 
same lime to get through. And that was 
an important discover}* in science, for since 
tlicn the pendulum, or sw'inging w'eight, has 
taught us a great deal. 

(Jalileo did not at once put a pendulum 
into a clock. He only showed the doctors 
how they could count pulses witli a pen<lu- 
lum. Hut others soon saw what it would do 
for the clock, and in 1605 the great Dutch 
.scientist, Christian Huygens (hi'gdn/), made 
a far more accurate pendulum clock than the 
worhl had ever seen before. He needed it to 
time the movements of the stars, and ever 
since then the world has had accurate clocks 
to lime anything at all. 'I'he minute hand 
now appeared it had hardly been needed 
before, because the clocks might well be main 
minutes out of time anyhow and tinally the 
second hand came. 

Most people even now do not know how a 



This atomic clock, representing one of the peacetime 
uses of atomic energy, is the most accurate timepiece 
e^er invented. Its measurement of time is based on the 
movement of atoms in ammonia molecules. 


clock works. Of course there are many kinds, 
and they are often very complicated; but the 
basic princi|)Ies are always the .same. 

First, there must be some pow'cr to make 
the wheels go round. 'Fhat is supplied by a 
heavy weight that is always pulling dow'n. 
Then there must be something to keep the 
w'heels from going too fast or too slow* or 
to make them always keej) the same steady 
pace, riial is th<‘ piMidulum, with its never- 
varying swings back and forth. And linalK 
there must be the network oi logged wheels, 
all working together at different speeds but 
all keeping lime with the |)endulum as they 
turn the hour haml ver\ slowly, the minute 
hand faster, and the setond hand faster still. 
For each hand mu.st go si\tv limes faster 
than the one behind it. 

How the Pendulum Works 

.\ow the weight pulls on a big wheel tind 
makes it turn slowl\ around, .ind through 
the s\slem of logs, this big whirl makes all 
the smaller wheels, of various si/as, turn at 
their \*arious proper s|>eeds, while the pen 
dulum swings bac k and forth to keep the big 
wheel going at evat tl\ the right pace. For 
at the to]), the pendulum is attached to a 
lever catch whith works in and out of i\ set 
of notches, or “teeth," contioTTing the big 
w'heel Kverv time the j)en(lulum swings 
baik, the catch lets the wheel slip a tooth, 
and then it holds the wheel still till th(‘ j)en- 
dulum sw'ings back .igain 

And since the ])en(lulum ahvavs swings 
back in the same time, thc‘ big whcrl always 
slips one tooth in the same time, and all the 
other whc(‘ls behave accordingly. Hut what 
keeps the j)enduhim going? Why iloesn’l it 
“die down".*' Whv, everv time* it comes to 
the end of a swing, it gels a little kick from 
the lever catch, and so it keej)S right on Hut 
suppose the whole clock goes too fast, or too 
slow*? d'hen we just make the pendulum a 
little longer or shorter there is a .screw' 
to do that until wr gel it exactly right. 
For the shorter a pendulum, the briefer its 
.swing, and the longer the slower. Tn this 
way we “regulate” the clock. 

And that is all there is, except detail, to 
the ingenious mac hine. Tn any big old clock 
you can .see the weight and pendulum for 


400 



HOW WE LEARNED TO TELL THE TIME 


1 



' \ Wifi** 

The clock’s tick-tock 
IS really the voice of 
the staid old 
lum sayiiiR, 
steady 

wheels ^ 


f the voice of * 
d old pendu- m 
inK, ^’Steady, M 
r,’» to the " 



The most & 
accurate 5 
clocks work \ 
with a pen- * 
dulum, and ^ 
have a 
weight, I, to 
turn the 
wheels This 
weight is sus- 
pended by a 
cord which is 
wound around the 
barrel-shaped 

wheel H The pull of the weight turns the wheel, 
on which are a set of cogs, at G, fitting into cogs 
on the bttle wheel £ So as H turns, £ turns 
too as 18 shown at the left Now £ is fastened 
to the axle of a much larger wheel which has to 
turn as E turds This larger wheel is really in 
front of E, though in the left hand picture we have 
had to show it behind E Cogs on the edge of the 
larger E-wheel fit mto the cogs on a small wheel, 
and turn it round To this small w heel is attached 
a larger cogged wheel B, which has to turn when 
the little wheel is turned But right here a finger 
IS put m for the first time to stop all this chain of 
action started by the weight pulling on H For 
the little swinging rod at A, which is attached to 
the pendulum J as you may see from the side 
view in the oval now catches the wheel B by a 
cog and stops it until the pendulum swings back 
Thus a brake is applied to prevent the weight 
from making the clock go too fast 
The hands are controlled by the set of little 
wheels at F, D, and C F is 
on the same axle with E, so 
as £ goes round, F turns with 
It Now the end of that axle, 
out at the front of the clock, 

Carnes the minute hand So 
as F turns, the minute hand 
turns But as F turns, its cogs 
turn the double wheel at C, 
which IS also fitted with cogs 
which turn the wheel D and 
to the wheel D the hour 
hand is attached Now C 
IS small, and D is large, 
so to turn D around once, 

C will have to revolve 
a good many times In 
this way D, with its 
slow hour hand, is 
made to go round with 
one-twelfth of the speed of F, 
with Its swift minute band 

HOW WE WIND 
A CLOCK 


When the pull of the weight I has quite unwound the cord at 
H in the oval above the clock is said to be ’*run down ’* 
Now it must be ’’wound up”, that is, the cord must once again 
be wound around the wheel H, and the weight thus raised 
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yourself, and watch them work. And some 
day you may see some of the great clocks 
of the world that do all sorts of remarkable 
things. There is one at StraslK)urg in France, 
first built in 1352, w'hich not only tells the 
hours, but shows the day of the week and 


old clock, named for a bell, had at first been 
something to listen to, but the new watch, 
as its name shows, was something to look at. 
The first spring is said to have been made of 
a pig’s bristle. 

The names of Jacob Zech (zCk) of Prague 


of the month, gives the posi- ^his treat pointed shaft told time Swit- 

tion of the sun and moon and for the pharaohs in Egypt sixteen zerland arc intimately con- 
, ^ j 1- hundred years before the birth of , , . .1 .t 1 * 


planets, ana even preuicis Christ. It now stands in Central nrciea wiui me eany watenes. 

eclipses. Every day at noon Park, if ew York City; and it has a And an early kind of watch 

\ • r ,.1 twin in London. They are known , , x- ' i 

It show-s a procession of the as **Cleopatra’s Needles,” but the niade at Nuremberg in (icr- 

figures ot the Twelve ApusUee many was so fat and round 

and makes a huge cock on top lived long before Cleopatra’s day. that it was called the “Xurem- 

of a tower ruffle his neck, flap berg egg.” King J’adward VT 


even predicts S^rist 


in Central Hf'cted with the early watches. 


his wings, and crow. In London there is 
Big Ben of Westminster, with a lace 
about twenty-three feet across and i 

a pendulum weighing nearly 450 M 

pounds. And in New York there is fl 
the great Colgate clcxrk, over twice I 
as large as that. Its minute hand H 
is over thirty-seven feet long! H 

But in spite of all this, the little m 
clocks in your house probably have H 
no pendulums, and certainly the H 
watches have none. So how do H 
1 iicy run? H 

Well, once we know how the big H 
clocks run, it is very easy to explain H 
the little cUxrks an<l watches. There B 
must still be a power to make the B 
wheels go round, and something to Bh 
regulate their speed. Xow if we just 
put a spring in place of the old 
w’eight for power, and a balance 
wheel instead of the pendulum for 
regulator, we shall have the secret 
of the little watch and clock. Such Bnl 
a spring and balance wheel you can 
see if you open the back of any |B 
w'atch. When the spring is wound BB 
up it supplies the same sort of pull BB ‘ 
that the old weight used to provide, H 
while the balance wheel does the Bv 
same kind of work as the old Bi 
pendulum. 

These two things came shortly ^B 
after the pendulum, and after that, ^B 
clocks could be ^B 

small, and 

watches could - .. ' > 

be made. The 


VKIIir iini 

im 


berg egg.” King Juhvard VT 

/ is supposed to have been the first English 
sovereign to own one, about 1550. Brass 
_ wheels came al)out that time, and 

TTJTT crystals alxait fifty years later. Alin- 
iite hands were not common in 
watches until about 1700. In 1704 
Nicholas Facio found out that by 
mounting the jnvols of the w^atch on 
hard jewels, like rubies and sapphires, 
could save a great deal of friction 
keep the parts from wTaring out. 
^ 'Fhat is why a gooil watch has so 

nianv “jewTis.” 

im So the mechanism of the watch 
liiVTflS soon complete, and it remained 

iji| g® only for later workers termake many 
jOillw ^^i*oor improvements. Of course 
watches and clocks, big and small, 
have often been made V(*ry beautiful 
and very e.\j)ensive. Some of the old 
“grandfather’s clocks” the tall ones 
I W'C still see in the halls of fine hou.ses 

are greatly prized to-day, wdiether 

I ^ i^wiss 

1 have always been great makers of 

watches, and of late years the Ameri- 
Vjli ^ans have developed a large nu mber of 

good makes. In America especially, 
many of the clocks are now run by 
electricity. 

We have seen that the sundial 

j sydra was little better. But the 

hourglass worked pretty well. And 
[VtWU time is 

;*r5sI5rv > very im- 

portant- 

‘ on the sea, 


B Uk' 

I 




ic-'ryvis 

'll- 


i'liolo by Metrupolit«n Mumuui uf Ire 
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Here is the great clock that makes our time. Ail the 
little clocks and watches are just machines for dividing 
into shorter penods the days that the sun tells off for 
us as he travels across the sky. Those days are 
always twenty-four hours long, the length of time it 
takes the earth to spin completely round. And it 
* always takes just the same number of those days for 
the earth to make its annual march around the sun 


and so tell off a year. The moon is an unreliable 
timepiece, so we no longer pay any attention to her 
when It comes to setting our watches. But the time 
system based on the sun is dependable. In the United 
States it IS the Naval Observatory timekeepers at 
Washington, 1). C. who take the time by the sun and 
send out time signals by radio and telegraph to keep 
the nation’s clocks regulated. 


for h> means of it the sailor tells how fast 
his boat is going 

In the old days the sailor Hung overboard 
a “log,” or piece of ^\ood ma<le to resist the 
action of the waves, with a string tied to it. 
fn the string there was a scries of knots, 50 
leet, 7 inches apart. As the sailor threw 
over the log and felt the first knot sli])ping 
through his fingers, he stamped on the deck 
Instantly another sailor turnecl u]> the saml- 
glass, made to run exactly half a minute. As 
the last grain of sand ran out, he gave a 
signal; then the first senior clamped his fingers 
on the string and noted the number ot knots 
or parts of a knot that had run through his 
fingers. He could then say just how^ fast the 
ship was going 

How Long Is a Sea Mile? 

For instance, sui)pose he was just coming 
to the second knot as the sand ran out. 
Then he had gone fifty feet and seven inches 
in half a minute. That meant that he w^as 
going one nautical mile — 6,070 feet — an hour. 
For the nautical mile is longer than the land 
mile, which has only 5,280 feet. It was made 
longer in order that it might measure one 
‘sixtieth of a degree — and the whole circum- 
ference of the earth is 360 degrees. 


To-day w^e say that a ship is making so 
many knots an hour. But the w^ord is really 
incorrect We should say so many knots a 
half minute, or so many nautical miles per 
hour A sailor sa\s, merely, so main knots. 

How Time Is Kept at Sea 

On the sea the time is kept, not by the 
hour, but by the “watch.” A “watch" is 
four hours; it is the time that the man in 
the lookout stays on the “watch.” The first 
watch is from twelve to four, the second 
from four to eight, and so on; and a bell is 
rung every half hour. One bell means half 
past twelve, tw'o bells one o’clock, and so on 
to eight bells, which is four o^clock. Then 
the counting starts all over again. 

Wc have said that the sun makes all our 
time for us. It marks off our days. From 
the moment w^hen it is overhead at noon to 
the next moment when it comes around over- 
head at noon makes one day. If the sun 
never moved, but always stayed straight 
overhead, then it would always be day. It 
would be noon forever, and there would be 
no such thing as time. Now that is some- 
thing that most people never think of; but 
the fact is that if there were nothing moving 
in the universe, if ever>'thing stayed still 
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time and mo- 


forever, there would be no time at all so far in an hour. So time 
It would always be just “now.” Only as and all that we have done 
we note how long it takes something to and better time has been to 
move from one place to another can we that will keep in step with 

tell the time J£ reckon our days by the sun, why don't we count from sunrise to 

that passes. sunrise, instead of from noon to noon? It certainly would be the 

way, but there is one great objection. The sun never lises at 
Jn inis respect, the same time twice in succession; so our days would never be the 

time and mo- same length. This is all because the earth is tilted as it travels round 

.. . the sun; so in winter the sun is directly overhead in the Southern 

lion are tne Hemisphere, as is shown at the left, and days in the Northern Hemi- 

sphere are short and cold. But as the earth travels on around the sun 
^ ^ and gets to the other side of him, 

the Northern Hemisphere is tilted 
toward him. The North Pole 
would now be at A and the South 
^ Pole at B, and the sun to people 
who live in the north would rise 
early and set late. There is one 
time in the day, however, which 
we can be certain of; that is the 
moment when the sun is directly 
over a line that would connect 
the spot where we are standing 
with the North and the South 
Poles. Then it is noon and from 
noon to noon is twenty-four hours. 



is still motion; 
to keep better 
build machines 
the sun. 

Long ago 
people used to 
reckon the day 
from sunrise. 
But that did 
not work well, 
because the 
sun keeps ris- 
ing at different 
times. So we 
now reckon 
from noon, 
w^hen the sun 
is at its highest 
in the sk\ 


Green wic 








raaaisicwv'.sB, 


same thing. 

, soomtODo 

So the sun nothing unusual 

,ak.s OM, 

day, and then the earth's poles 

we divide each 

day into reality it is the 

^ ^ e point at which 

twenty-four yesterday turns 

hours, each into to-day and ^ 

, . ' . to-day becomes 'w 

hour into sixty to-morrow. Ge- A 

minutes and ographers know m 

rainuies, ana m 

each minute national Date ^ 

into sixty ’ 

seconds. We it is exactly op- 

Trtiwht posite Greenwich on the earth’s surface; so every day whose noon is 

fiiigjiL iiavc announced to the world at Greenwich was born twelve hours before 

chosen any International Date Line. Or in other words, when it is Sunday 

.1 rw.im on the western side of this line it is Monday on the eastern side, 

oiner num- if you could stand on the North Pole and peer down over the side 

bers, but these i*'® ®®*^^ Greenwich directly behind you, you would see a 
, . . sight somewhat like the picture at the right. Around the earth the 

a o well ships would be going in endless procession, and every ship as it 

enough Now crossed the Date Line would gain or lose a day, depending on whether 

^ ’ it was going east or west. If it crossed the line going east on De- 

all our ma- cember axst, one end of the ship would be in the old year and the 

rhines for ®^®^ ®°d 1^ the new. Of course the Date Line is drawn only on 

maps — and there it is zigzag, in order that it may not cross any land. 

counting time 

have just been things that made so many the sun gets there at diffen 
motions to the hour. The shadow of the sun- different places. When it is 


Fiom I he mo- 
ment the sun 
gets there to 
the next mo- 
ment it gets 
there is always 
twenty-four 
hours. 


dial creeps just so far in an hour. The water 
in the clepsydra and the sand in the hour- 
glass will spill just so much in an hour. The 
wheels in the clock or watch will turn just 


Butof course 

the sun gets there at different moments for 
different places. When it is noon in London 
it is not noon in New York, and when it is 
noon in New York it is early morning in 
California. So every place must have its 
own time. That used to be a bit confusing. 


470 



HOW WE LEARNED TO TELL THE TIME 



It 18 noon when the sun is directly over an imaginary 
line connecting the spot on which you are standing 
with the North and South Poles Above, it is noon 
at 12 on the right 


As our globe spins round under the sun, every spot 
passes beneath him and then leaves him behind. In 
the picture above, the white line the mendian of 
Greenwich— IS at 9 A M. 



Now our globe has spun about until Greenwich, which 
in our first picture was at 6 o’clock in the mormng, 
IS now directly under the sun It is noon there — and 
morning in Amenca. 



Now Amenca too is swingmg along toward noon, and 
the International Date Line, where it was midmght 
when it was noon at Greenwich, has now reached three 
o’clock m the mormng. 



When the International Date Line left midmght be- 
hind — shown by the figure 12 at the left- the people 
along it put a new date on their letters. They were 
the first to wnte it 


Now all the world you see to the left of the International 
Date Line is using the new date. But the rest of the 
world may not use it till after twelve o’clock at mid- 
night. 



By now the Date Line is at noon, and at Greenwich Our old earth will soon have swung completely round 
it is midmght. In the Umted States, on the other Greenwich has now reached 3 o’clock A.M., and will 

aide of the earth, day is drawing to a close, it is soon be having her sunnse at 6 — her position m the 

morning m Asia. first picture. 
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and it would be so still if wc had not found 
a way to get around the trouble. We can 
see how hard it would be to run boats across 
the ocean or fast trains across the continent 
if the time were always changing as we swept 
along. Nobody’s watch would ever be right. 

Now for years the British ships had all 
run on what wc call (rreenwich (grin'ij) time 
— that is, the time it was at the observatory 
in the little town of Greenwich, near London. 
And at last all the world simply agreed to 
go on Circcnwich time — not because it v.as 
any better than Paris time or Tokio lime, 
but sim[)ly because it was already followed 
all art)und the world at sea. Lvery clock in 
the w’orld is now set to agree with (irccnwich. 

What Is Greenwich Time? 

As you climb the hill to the observatory 
at (ireenwich, you will see a strij) of ctmcrele 
laid down in your road, ft marks the ])ath 
of a line from the North F*ole to the South 
Pole through th't j'oint in Greenwich. It is 
where longitude begins, and it is where time 
begins. When the sun gets over that line, it 
i>. noon. Anywhere ea.st ol there it is later in 
the day, and anywhere wTst it is earlier. 

Now the whole w’orld is divided up into 
,:56 o flegrees of longitude. And since a day 
has twTnty-four hours, or 1,440 minutes, we 
can see l)y (lividing that we have to allow 
four minutes for each degree. That is the 
time it takes the .sun to pass over one degree. 
So one degree east of (ireenwidi it would be 
four minutes later than at Cireenwich, and 
one degree w’e.st it w'ouhl be four minutes 
earlier. Fifteen degrees away it would be 
one hour earlier or later. 

How Time Changes on a Ship 

Tf you were traveling west from Greenwich 
you would therefore have to set your watch 
back four minutes every time you went one 
degree; and if you wore going east, you would 
set it four minutes forward. But it would 
be a nuisance to keep setting your watch 
every hour or two. So what happens is that 
everyone agrees to .set his watch back once 
a day; aiul on a boat coming to New York, 
about the first thing you do in the morning 
•is to find out what time it is and set your 
watch. How much you set it back depends 


on the si)ced of the boat. On the fast ships 
you will set it back about an hour. 

On the land you do not set the watch back 
every morning, but every time you have 
gone a certain distance, or cro.ssed a certain 
line. For ^that ])urpose the w'holc United 
States is divided into four time belts, each 
fifteen degrees wdde. As you cross from one 
into another, you change your watch one 
hour. In going from New ^'ork to California 
you would therefore set it back three limes, 
and gain three hour*-.. If vou wTre coming 
the other way, you w'ould set it forw'ard, and 
lose your hours, 'j'he four time belts give 
us Fastern, Central, Mountain, and Pacific 
time. Anywhere in one belt it is always 
the same time; in the ne.vt one it is an hour 
earlier or later; but in them all it is alw'ays 
Greenw’ich time -with the ]jroper number 
of hours added or subtracted. 

Now' if you kept going we.st anfl gaining 
an hour every so often, you would gain 
twenty-four hours after a while. You would 
gain a whole day — and then it would be 
yesterday I And if you kejH going cast, it 
W'ould soon be to-morrow\ What would you 
do when to-day turns into yesterday? 

Where To-day Becomes Yesterday 

Well, you would simply have to call it 
yesterday, and let it go at that. And this 
is exactly what hapi)ens. In the middle of 
the Pacific Ocean, along the 180th degree of 
longitude and just opposite Greenwich on 
the worUPs surface, there is an imaginary 
line, drawn /ig^ag to keep it from going 
through any island. When you cro.s.s that 
line going w'est. you lose a day. If it is 
Monday, you just call it Tuesday. And of 
course if you are going east, you gain a day 
and call it Sunday. Otherwise an aviator 
who kei)t going east wouM soon be back in 
the middle of last month! 

Just before ten o’cUx'k every morning 
and six o’clock every evening, the great 
Rugby bri>adcasling station in Kngland stops 
sending and switches into Greenwich. And 
then comes the signal, audible anywhere on 
sea or land, to say that it is ten o’clock or 
six o’clock at Greenwich, where the lime 
begins. So twice a day the world is put in 
harmony of time, or in tune with the sun. 


473 




The STORY of the CALENDAR 


Reading Unit 
No. 17 


THE UNRULY CALENDAR 

Note: For bash information For statistical ami curretU facts, 
not found on this pa^e, consult iomult the RU hards Year Book 
the general Index, VoL i$. Index. 

Interesting Facts Explained 

Reckoning time by the seasons. When men learned to time the 
10-475*76 phases of the moon. 10 478 

When our calendar began, 10- How the Egyptians kept star 

47h time, 10 480-81 

How Christians count time from Why the Babylonians had a bad 
Jesus’ birth, and other peoples time when the\ kept moon 

count from other important time, 10-480-81 

dates. 10-476-77 How the Roman calendar gave us 

The oldest date in history, 10- the names of our months, lo- 
477 480-81 

Related Material 

How long is it since the moon Why are \pollo and Mercury 

was thrown off from the earth'-' called the morning and evening 
I 4? stars? I 146 

Why is it that the moon does not How long is the >ear m the dif- 
al ways look round? 1-124-27 ferent planets? i-ioO 

What is the pattern of the moon s What do you know abcnit the 
path through space? 1-125 • planet Venus> 1 147-40 

How can we find out how far What is moonlight? i 122 
away a star is? 1-172 

Practical A pplications 

How does the sun manage his un- When did Christian peoples de- 

ruly family f)f days, months, cide to count the years forward 

and years now that the moon and backward from the birth of 

does not interfere^ 10482 ('hrist? 10-476 

LeisurC’time Activities 

PROJECT NO. I : Copy the cal- PROJECT NO. 2 : Make a clay 
endar made by the Dakota In- model of the Mayan calendar, 10- 
dians, 10-479 477 

Summary Statement 

As man advanced along the endar was worked out by sun 
road to civilization he learned to time which gave us our days, 
record time by writing on clay, months, and years — and we added 
wood, or stone. But finally a cal- the weeks to complete the scheme. 
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1 holo li. lilt iiliMt l>ttVil( lithgow 

They are seeipp, <> god face to face. For these are kind, in a savage state, feel for the forces of nature, 
sun worshipers, who, knowing as yet no higher power Is it strange that these devout worshipers will watch 
than the great glowing disk that gives them food and their god through all bis yearly changes, and learn to 
comfort, look upon it with the reverence that all man- reckon time by his movements? 

The UNRULY CALENDAR 

Father Time Has Long Had His Troubles in Making the Days 
Fit the Years and the Months Stay in Their Places 

NYOXE who htiN c\cr tried to touiU of days» and months and years, all running 
thousands of little dots all ranged smoothly year after year. All they had was 
along in a row knows how hard it is a long series of sun risings and sun settings 
to keep track of them. ITc gets all mixed on and on and on, each day treading on the 
up, and often he has to begin over and over heels of the day before and, except for the 
again. Now^ mankind has had just the same change of the seasons, all of them very much 
trouble trying to keep track of the passing alike. 

days — only the problem really has been much It w^as the constant march of winter and 
harder, for once a day is gone, it will never spring and summer and autumn that brought 
come back again to be counted. You re- variety to early men. And we feel the excite- 
membcT that Robinson Crusoe made a notch ment of it even to-day. Who would be will- 
in a j>iece of w^ood cveiy’ day. Then he could ing to part with the thrill of the first warm 
count the notches. And whole nations have day of spring, or the soft hush of the first 
done the same thing, using stone instead of snowfall? In the lives of early men those 
wood. were very great events. “Six snows has this 

But keeping trace of the days is easy in child seen,” the proud Indian .squaw says of 
:omparison with trying to find a way to her boy. She means he is six years old. 
point out a given day, once it is gone forever. That sort of reckoning was all the earlv 
For we must remember that early men were peoples needed to go by ~*‘wrinters” in th'i 
not born to a carefully worked-out calendar north, “rains” in the tropics, or “winds” in 
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the lands where the breeze blows from the the year of the cat 
same quarter for six months on end. Some- way equally poetic 
times men might even refer to the years as probably more defir 
“harvests.'' But whatever they reckoned as As men advanccc 
the beginning of a “year," it was always to civilization and 1 
something that was bound to happen over ords for their great 
and over again. Of course they had no notion children by means c 
of the exact number of days from “harvest" or stone, they begai 
to “harvest" or from “snow" to “snow." time a new king car 
How could they have? 'fhe first snow falls “third year of I)arii 
whenever Mother Na- 

,>^1 

ture is ready! Summer * 
was “when the thistle 
blooms"; winter began 
when the leaves fell 
from the trees. And 
mo.st tribes had only 
two seasons, winter and 
summer, or a wet sea- 
son and a di^” season. 

Only a few of them 
added spring and au- 
tumn. 

But though it was 
hard to tell the days 
apart, it was harder 
Uill to tell one year ^ 
from another. You see, 
there were no written i*houi by u>« 

records. Men had not This pretty scene is from LspUnd; but it is not a 



sunrise nor yet a sunset, for those things are man- Vi'iv#* lu.f.n 

even learned to count d.ffereiUy in the tend of the reiSdeer. The 

ver\' far. But there photograph was taken at half past one in the vialed to read I V I). 

. > , • morning, and this is the famous sun that shines ^ a. 

were certain events in gt midmght in the arctic regions, where one day ^ 

their own lives that no one night make a year, since the day and back into history be- 
... night are each six months long. , i * e u ( 


the year of the cattle disease" — or in some 
way equally poetic. And even that was 
probably more definite than it needed to be! 

As men advanced farther along the road 
to civilization and learned how to leave rec- 
ords for their grcat-grcat-great-grcat grand- 
children by means of marks on clay or wood 
or stone, they began a new reckoning every 
time a new' king came to the throne. So the 
“third year of Darius" meant the third year 
of Darius’ reign. 

Finally, about the 
year 900 a.d., as we 
reckon time, all Chris- 
tian iieoplcs decided to 
count the years forw^ard 
and backw^ard from the 
birth of C'hrist So thc\ 
tried to figure out as 
nearly as they could 
just w'hcn Christ w'as' 
born, and then they 
named the first >eai 
following as the year 1 
\nno Domini (dn'o 
(lom'i-m), which is the 
Latin for “in the \ear 
of our Lord." Thevear 
before that they called 
spUnd; but it is not a i before' Christ; and 


one could forget- -a 
great w^ar, a pestilence, a famine. Perhaps 
a w'hole tribe picked up its goods and trav- 
eled into a far country. P or a long time 
after any upheaval of that sort evcr>'one 
counted the years from the great event. 
And then some other upheaval came along, 
and they began to reckon anew. Every 
fifteen or twenty years they would start all 
over again. 

When Our Calendar Began 

History was a good deal simpler in those 
days. No dates to remember then! If any- 
thing happened that was worth keeping track 
of, the tribal priest probably remembered it 
as having taken place on “the day of the full 
moon, in the month of the falling leaves, in 


Christ, wx have iu count backward, and in 
the years after his birth we count straight 
ahead. 

When Was the Year One? 

As a matter of fact, we know now that 
the men who fixed the year i made an error 
in fixing the date of Jesus' birth, and put it 
several years too late; but we have never 
changed the calendar and corrected the 
mistake. 

A good many peoples still count from some 
other important date. The Mohammedans 
have chosen a year in the life of their prophet 
Mohammed, and the Jews count back to a 
date 3,760 years before the birth of Christ. 
Long ago they believed that their year i 




was the year of the creation of the world, into twelve months. But they had no weeks, 
But we now know that the I^gyj^tians were and they never had a leap year, 
living in the Nile Valley long before the year Of course by the time })eople have learned 
I of the Hebrews. For in 4241 n.c. the to keep a written record of events, they have 


F^ffVDtians were 



IMiotn by Natioiuil Mutwuiii 

Long before white men appeared in America the Aztecs 8 inches, and its weight some ay tons. The head in 

in Mexico had worked out an ingenious way for keep- the center represents the sun, and the four squares 

ing track of the time. They divided their year into set in the circle around him are the four seasons, 

eighteen months of twenty days each, with five extra The little squares in the next circle are the twenty 

days to round out the year; and they kept track of days of the month — each day with a diiieient name, 

their calendar on huge round stones carved with many Other circles show various^ signs connected with the 

figures. The most wonderful of all these stones is record of the years and with the sixteen hours into 

shown above. It was called “The Rock of the Sun,’* which the day and night were divided. The stone was 

and was carved out of solid basalt for a magnificent painted red, because that color represented the sun. 

temple dedicated in 1481. Its diameter is xz feet. It is now in Mexico City. 

deeds; and they began their calemlar at that prol)ably learned that it is the sun that 

time. It is the oldest date in history. Their makes the years, as well as the days. For 

year was much like ours; they hail learneil they have watched and watched, and counted 

that it had 365 days, which they divided their notches in a piece of wood or stone, till 
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they arc sure that it takes the sun 365 day's Three limes on all ten fingers-an.l there 


to travel south from his point highest over- 
head and back again; we know to-day that 
it is the length of time the earth takes to 
travel round the sun. But long Injfore they 
have timed its year-long journey, they have 
noticed something else that happens in the 
sky. 

For w'ho could miss the moon? Everv 
2 qK she makes her first appearance 
a^ a dainty crescent and for 
nearly four weeks she keeps 
changing her shai)e from 
day to day, until she 
finally becomes a cres- ‘ {jfd 

cent once more. For '‘^JvXriir 

in that length of time J r&t J 

she has made her 
monthly jouniey round 
the earth. Now it will 
he easy to sec that long 
before the simple H. 

minds of early men ' A 

learned to count to 

365, or to measure jQ 

the sun’s lagging 

learned to time the 
phases of the moon. 


was her crescent again in the western sky! 
Ifow^ much sim])Ier to count by ''moon trips” 
than by ‘Sun trips!” 


What Is a Month? 


So that was what they did — and so they 
got their months ’ i hc‘ very w'ord comes 
from “moon,” the great heavenlv clock that 



We think of the Hew 
World as heving a very 
short history, yet this 
carved stone, the oldest 
American antiquity to 
which we esn give a date 
with certainty, has come 
down to us from a cen- 
tury before Christ It is 
covered with writing of 
the Maya (ma'yd) race, 
who lived in Central 
America and Southern 
Mexico and were the 
most highly civilized of 
all the American Indians. 
The figure standing be- 
side the stone is one of a 
group of Mayas shown 
in the Nationsl Museum. 
This grest stone calendar 
is carved in jadeite, and 
bears the Mayan date 
8.6.2.4.17 8 Caban O 
Kankin— or 98 B.C. It 
IS known as the Tuxtla 
Statuette, for it repre- 
sents a hbdlike god with 
a human head and was 
found near Tuztla, 
Mexico. 
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This is a calendar of the Dakota Indians, kept on an official buffalo robe by g \ K*' 

Lone Dog, who as a youth was appointed by his tribe to make a record of / X 

each passing year. So between 1799 and 1870 he annually set down an / iUI 
important event, in the manner shown above, to keep the **winter count” of T > 

the tribe. Those events are numbered m order. Here is the meaning of a ^ vPviK^ A 

few of them: i. Thirty Dakotas killed in 1799 by Crow Indians. 2. Smallpox 

among Dakotas. 3. Dakotas stole horses weanng shoes. 4. Dakotas stole iV, 

horses with tufted curly hair. 8. Chief Red Coat killed. 9. A Dakota killed ^ 

by two arrows while running. 13. Wild horses lassoed. 14. Epidemic of 
whooping cough. 16. Chief Crow Feather built dirt lodge at Peoria Bottom. 

17. Plenty of buffalo meat. 18. A Canadian built a trading store of dry 
' timber. 19. Many died of measles. 22. Meteor or comet seen. 24. White 
soldiers appeared for first time. 28. Dead Arm was stabbed with a dirk. 

29. A white man built a dirt lodge. 33. Lone Horn crippled in the leg. W 

34. Meteoric showers. 38. A hundred elk killed in one hunt. 40. Dakotas V 

massacred village of Snake Indians. 41. Peace made with Cheyennes. 

44. Dakotas held ceremony to bring back the buffaloes. 45. Fort built of H H Jjh^ |! 

p'ne timbers. 46. Plenty of buffalo meat for drying. 49. A humpback was 

killed. 52. Dakotas and Crows exchanged peace pipes. 56. Gen. Harney ^ 

made peace with bands of Dakotas. 58. Dakotas kiUed a Crow squaw. 

^62. Buffaloes came close to the wigwams. 68. United States peace com- 
‘missioners visited tribe. 70. Eclipse of the sun. 71. Dakotas attacked 

rhotos h\ M«atnr Magftim* and Ranior National Park 
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mea<;ures off every 2 ()) ^ days. It w as natural 
enough for the moon of any given season to 
be named for whatever events she saw here 
on earth at that lime — the “moon of black- 
berries/* the “moon of lambs/* w hen the little 
things were bom, the “moon of falling 
leaves.*’ We still speak of the Easter moon, 
the harvest moon, and the hunter’s moon 
In this way the months were named, and 
came to make a ver>' fair calendar to mark 
the circle of the >ear. 

The Unruly Moon 

And then everj^thing began to go wrong ^ 
For the moon and sun run on quite different 
schedules, and their periods do not conic out 
even at all. Just try to dmde 365 by 20J2 
Sometimes there were twelve new moons in 
a year and sometimes thirteen. What was 
one to do about it? 

And one thing having gone wrong, every- 
thing seemed to get perverse. Ihc calendar 
of the sun, which had seemed to stait off 
quite nicely with 365 da)s in the >car, all 
rolling around with great regularity, now 
began to behave in an unruly way. In spite 
>f all one could do, it kept on sliding l>ack- 
ward, for the year runs a little longer than 
365 days. There are 5 hours, 48 minutes, 
and 46 seconds left ov'er after every year of 
365 days — and after a while these e\tra^ 
periods mount up to something quite impres- 


uary in the early calendar w^ould have moved 
back to what ought to have been the twenty- 
ninth of December, and in two hundred years 
it would be back somewhere in November. 
In due time Christmas would have been 
coming around in midsummer. We can 
almost fancy the ancient Kgvptians saying 
to each other, after their calendar had been 
going for several hundred years, “This is a 
hot day for the tenth ot December It feels 
more like August' ’ And of course it would 
really be August, or whatever the Egyptians 
called the month lor their calendar year 
was almost si\ hours too shoit. 

The people did not like to have the months 
sliding around in that way, but try as they 
would they could not tmd out how to 
straighten things out So they finally gave 
up in despair and let the months have their 
own way About every fifteen hundred 
years the first of Januarv would come back 
to the first of Januaiv Ml the test of the 
time It was somewhere ( Ke' 

The Egyptians Kept Star Time 

But even then the Igvjilian calendar 
worked better than anv of the other earlv 
calendars Theirs was the tir^t one ever 
made; and it was very clever^ Instead of 
running on sun time, they ran it bv the 
bright star Sinus, which of course keeps the 
same time as the sun Ihe dav when Sinus 


siv'e. In ten years 
the first of Jan- 


These Mayan men were sure 
that they were setting down 
the first datem history. They 
did not know that for four 





first showed his face above 
the (MstcTii desert, after a 
long absence, was 
their New Year’s 
Dav"— audit was 
usually an im- 
portant sea- 
son, for about 
that time the 
Nile too be- 
gan to rise. 


Fhoto by National Miuauca 
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I'Uiitii tiv Yiiuniiin Mijnt.uiii of Nttiirul Mi«tor> 

It was in the Ian I of the sphinx that our calendar system for keeping track of time; and in 4241 B.C., 
began For in Egypt men hist worked out a convenient the oldest date we have, they began a written history. 


and to 1)1 ing llieni moisture and fertile soil 
for anolh( r Near. 

Of course they realized that the months 
would not fit in at all, but they took the 
extra days left over after twelvT moons had 
])assed and distributed them over the various 
months, much as we do to-day. To be sure, 
that left the moon quite out of things so 
far as the calendar went, Init at least it was 
convenient to have the years and tlie months 
all come out even e\ery .Wwv ^ ear’s Day. 

When Babylon Ran on Moon Time 

The Babylonians, who had a calendar four 
thousand years ago, tried to run things by 
the moon and they had a ])a<l time of it! 
The moon has always been unwilling to keep 
a fixed appointment with the sun, so the 
months and years each had to take their 
own separate w’ays. There was no telling 
in what month New Year’s Day might come. 

The Babylonians passed their calendar on 
to the Greeks, w^ho did not like it much; but 
since it was all they had, they struggled with 
it for seven hundred years and then hit on 
.the plan of having twelve moon months in 
every year and adding three extra moon 


months every eight years. This did not 
work verv^ well either, and there were quarrels 
now' and then as to what time of year it was; 
l)ut it was an improvement on the Babylonian 
plan. 

Like the Greeks, the early Romans also 
ran on moon lime. At first they had only 
ten months in a year, and let the extra lime 
go, but after a while they managed to squeeze 
twelve well-behaved months into their calen- 
dar, though they made the mistake of giving 
the year 360 days. Of course this made the 
year too long by some eighteen hours. So 
everv' now and then they had to drop a few 
days in order to set themselves right again. 
Even then the calendar was three months 
out of schedule at the time when Julius 
Caesar w^as ruling, some tw'o thousand years 
ago. 

How the Months Got Their Names 

Caesar was too good an organizer to like 
such a state of affairs. He was an energetic 
man; so on the advice of liis astronomers he 
gave the year 365 days and added an extra 
day every fourth year, in order to catch up 
with the sun. That fourth year we call leap 
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year. Caesar straightened things out pretty 
well, though not entirely. 

It was from the Roman calendar that we 
took the names for our months. The first 
month they named for Janus, a god who had 
two faces, one before anti one behind, and so 
guarded doors and gates, since he could look 
two \vays at once. Februa w^as the name of 
a Roman festival of purification. Mars, who 
gave his name to our ^larch, was the god of 
^^a^; and Ajirilis was their nan\e for the 
month that followed. Maia Mas a goddess 
for whom they named their fifth month; and 
Juno, from whose name wc get our “June/* 
was the wife of Jupiter, king of all the g*>d^. 
July was named for the great Juliu') himself, 
and August for Augustus Caesar. 

How February Lost a Day 

Perhaps we might say here that at first 
August had only thirty days. Hut the great 
Augustus w'as not great enough to master 
all his childish vanity. He could not bear 
it that Julius Caesar’s month, July, should 
have thirty-one <lays and his own but thirty. 

So February \vas robbed of a day, w'hich was 
lacked on to August. Then the great man 
was happier! 

The rest of the months get their names 
from the Latin for ‘‘seventh,” “eighth,” 
“ninth,” and “tenth.** As the Romans 
counted, those were the seventh, eighth,' 
ninth, and tenth months, for the Roman 
year at first had only ten months. At first 
the Roman year had oi)encd in the s]>ring, 
which seems to be the natural time; but 
later the opening was fixed at January ist, 
for it W’as then that the new consuls took 
office in Rome. 

A Rhyme Worth Remembering 

We get the name of our calendar from the 
Romans, too. It comes from the Latin word 
“kalendac,” the name the Romans gave to 
the first day of the month. It meant “call- 
ings”; for on that day the priests called out 
from the Capitol at Rome the fact that the 
new moon had appeared. One of the days 
of the Roman month was called the “ides” — 
and the eighth day before it the “nones.” 

If you will learn the quaint old rhyme 
which follows, you will never have any 

4H2 


trouble remembering how many days are in 
a given month: 

I'hirty days hath September, 

April, June, and November; 

All the others, thirty-one 
ICxrept the second month alone, 

W’^hich hath but twTnly-eight, in fine, 
'Fill lea]) year gives it twenty-nine. 

Under the Julian calendar things went 
fairly smoothly for a long time. Hut the 
calendar w'as not perfect >(*l, and b}' 1582 
it was jolting rather badly, for every 12S 
years it was gaining a day. So at that time 
Po])e Clregory XT 11 took ten days out of the 
calendar and decided to omit iea]> year once 
in every hundred years, but to keej) it in all 
those years that can be divided by 400. All 
other years are leap years if the numb<*r of 
the vear can be divided by 4. So rgoo was 
not a leap year, but the year 2000 W’ill ])e." 
as will the years 2400, 2800, and so on. 

IXtii so, the calendar is running just a 
trille ahead of the sun; every year it gains 
tw'enty-siv second.^, which amounts to a dd\ 
in every years. People w’ill probably 

drop a day when the year 4000 arrives. 

How the Days Got Their Names 

Nearly all the countries nrrw follow the 
plan of Gregory XI 11 - which we call the 
Gregorian (gre-goTi-an) calendar. Only in 
backward or very reim)le j)laces are other 
stmnge calendars u.sed. Since Julius Caesai 
gave u]) the moon as timekeeper, the sun 
has reigned sui)reme over his unruly family 
of days and months and years, and without 
the moon to interfere, they all get along to- 
gether happily. Of course the weeks still 
stubbornly refuse to fit into the scheme. 
Seven never w'ould go evenly into 365, and 
it is safe to say that it never will! 

Hut the weeks have nothing to do with 
either .sun or moon. They are just a product 
of men’s minds. So certain tribes have 
“weeks” that are three days long, others 
four or five or six, all the way up to ten. 
A great many Eastern peoples, among them 
the Hebrews, had a week that was seven 
days long, probably because of the seven 
“roving” heavenly bodies that were then 
knowt: to man. 
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This may not look much like a calendar, but that is 
what it IS a calendar made to mark just one day in 
the year. Of ** served other purposes besides, 

for no one would ever have taken the trouble to hew 
out and set up all those great stones —some 140 orig- 
mally -if they had not served a very important end. 
There is still some debate as to just what that end 
was, but it is now fairly certain that this mysterious 
rehc of the hoary days of eld was a Druid temple used 
m the worship of the sun and quite probably the scene 
of magic rites connected with the dead. To-day we 
call It Stonehenge, and thousands of visitors flock 
every year to beautiful Salisbury Plain in Southern 
England to see this imposing circle of stones, which 
has probably stood smce about 1700 B.C. 


It never had a roof. A long avenue led from the 
northeast to a circle of earthworks 300 feet in diameter. 
Inside this was a circle zo8 feet across made of gigantic 
oblong stones called **sarsens,” all set on end with big 
stones laid like crossbeams on the tops of them. 
Nine feet inside this circle was a smaller circle of 
stones of a diflerent kind brought from no one knows 
where. Inside this was a horseshoe of huge stones 
with crossbeams, with another horseshoe of smaller 
stones inside it. And in this central inclosure was the 
great altar stone. Anyone standing in front of the 
altar on the longest day in the year and sighting along 
the avenue to the northeast would see the sun rising 
directly over a stone marker set outside the circles. 

That must have been the Druids’ great day. 


Even ihc names of our o\Nn week days 
come from the names of tho<o heavenly 
luxlics the sun and moon and the five 
lilanets that carlv men liad found. To be 
sure, the heathen Anglo-Saxons, who were 
the first ])eople to s|>eak English, translated 
the names of those planets into the names of 
certain of their own gods, but they were 
careful to choose gods that stood for the 
Sfime things as the old gods for which the 
planets had been named. 

Why We Have a Week 

So what in Rome had been the sun’s day 
became our Sunday; the moon’s day became 
our Monday— a shortened form. The day 
of Mars became the day of Tiw', or Tuesday; 
the day of Mercury became the day of 
Woden, or Wednesday; the day of Jove Iw- 
came the day of Thor, or Thursday; the day 
of Venus became the day of Frigg, or Friday; 


and the day of Saturn became the day of 
Seterne, or Saturday. 

Perhajis we may feel that an error of one 
day in every 3,^2^ years is very small indeed, 
and that our calendar is about ])orfci t 
as it could Ik* made. And yet our calendar 
is so inconvenient that certain big business 
orgcinizations have changed it greatly for 
their own use inside the organization. They 
ojicrate on a schedule of lhirtt*cn months of 
exactly four weeks, or twenty-eight days, 
each. At the end of the year there is one 
day to s])arc. This scheme is so convenient 
that it will jirobably be used more and more - 
and in the end it may come to be the calendar 
for all the world. 'Fhen Christmas and 
Fourth of July and New Year’s Day and 
your birthday wdll always come on the siime 
day of the wct*k, year after year. And the 
day that is left over? Well, wdiat better 
holiday could one want? 
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Reading Unit 
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THE WINDOW INTO FAIRYLAND 

Note: For haste information For statistical and current facts, 
not found on this page, consult consult the Richards Year Book 
the general Index, VoL 1 5. Index. 

Interesting Facts Explained 

What the wwd “microscope” How bacteria can he seen, id 
means, 10-485 486-90 

How a whole magic universe of Jans.sen s “spying tulie," 10 490 

tiny beings comes into view, Leeuwenhoek's microscopes, 10- 

10-485-80 490 

Why we should know about these How microscopes were improved, 
tiny creatures, 10-486 10 490 

Things to Think About 

How many times bigger can ob- What kind of wonders can we see 
jects be made to appear under through the microset^pe^ 
the microscope? Why is it important to know 

Why are lenses made of crown about the tiny creatures we can 
and flint glass? see under the microscope.-* 

Picture Hunt 

How does a compound micro- at with a microscope? 10 41^7- 
scope work? 10-486 ^ 89 

What kinds of things can we look' 

Related Material 

How do bacteria help plant life? How do bacteria destroy waste 
1-538 matter? 2 17-18 

How can we kill harmful bacte- Which microscopic animals are 
ria? 9-226, 13-368 harmful to man? 10-487-89 

How do bacteria help in the mak- How do lenses focus light? i- 
ing of cheese? 9-346, 2-20 430-34 

Practical Applications 

Why is it important for us to How has the microscope helped 

know about the tiny creatures us to make strong steel? 10- 
that live in us and around us? 490 
10-486 

Summary Statement 

Not only has the microscope it has also taken the terror out 

helped us in the useful arts, but of many a dread disease. 
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Do you care to take a trip to 
another world? Then lUSt 
look through this microscope 
and you may see a drop of 
water changed into a pond 
where strange monsters 
glide about and turn somer- 
saults in their search for 
food. Even in this tiny world 
the “large” creatures prey 
upon the smaller ones 
which, in turn, find some- 
thing even smaller to fill 
their stomachs with- if the 
odd creatures are lucky 
enough to own a stomach 1 






Pljutu by Jiattk C rifk. Suuitiiriutii 

The WINDOW into FAIRYLAND 

Through the Eyepiece of the Microscope We Can See More Crea- 
tures in a Spoonful of Water than Our Own Eyes Could 
Find in a Whole Pond 


LL around us there are millions and 
hillioiis of living and mo\ing things 
that we iie\er see 1 he\ aie climbing 
o\ei our liands and f.icc^s, swimming in our 
milk and watei, and dancing just before 
our eyes, without our ever (beaming of 
them. It is all because they arc loo 
small. For \vc can .sec a thing only as it 
reflects the light- which is why we cannot 
sc'e at all in the jntch dark and these 
things arc so tiny that they cannot re- 
flect enough light to make any impression 
on our e}es. 

So we never knew they w’erc there at all 
until we found an instrument to show them 
to us. We call it the microscope, from tw^o 
Greek words meaning to “sec small ” And 
with a microscope we can look at billions of 
swarming creatures too small ever to be seen 
in any other way. 

Now the way a microscope works is very 
easy to explain. The nearer a thing comes 


to our e\e, the bigger it looks to us. Thus 
a little coin hedd close enough may well 
look larger than the moon, and even a grain 
of sand may blot out the biggest star. But 
on the other hand, when we bring a thing too 
close to the e\e we cannot see it clearly any 
longer It is just a blur. That is because 
our e}e cannot focus on a thing that is too 
near to it 

So even if we could bring the tiniest things 
near enough to see,, we should still not see 
them because then they w'ould be only blurs 
What the microsco])c does is to let us see 
them as if they were very near and still \ery 
clear. And this it does through the lens, or 
set of lenses, that it carries. With these it 
can bring a bee’s tongue, for instance, to a 
quarter of an inch from the eye; but it can 
also keep the image in perfect focus at that 
l)oint, so that we see it as clearly as if it were 
a foot away. And then the bee’s tongue 
looks half an inch longl 

S 
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Of course the lenses do not really bring 
the thing nearer. As you may see in the 
picture, they just manage the rays of light 
’•cflectcd from the thing so as to make it 
look nearer, or bigger. In a simple micro- 
scope there is only one set of lenses. 

In a compound one there are 

two; first the objective lens, at 

the far end of the brass tube, / , 

and sect)nd the eyepiece, / JK 

at the near end. Both of / \ ‘ (9 

these serve to magnify JW 

the thing we are look- AH 

A simple microscope \ Sm 

may make things look r\ \ \ 
a hundred times big- K 
ger than they are. A k 
compound one may \ 
make them look five 
thousand times larger. \ 

A fine instrument wall \ 
show us creatures so tiny 
that it w'ould take a hun- 
dred thousand of them to 
stretch an inch. It may show' 

I s more of them in a single 


N N \ ' 


view -so numerous that all the po|)ulation 
of the world wdll seem as nothing in com- 
j)arison. At any moment any one of us is 
entertaining in his body a far greater number 
of these creatures than the number of all the 

people that have lived in the w^orld 

since time began. With the 
microscope we not only see 
them, but can take pictures 
oci;l4r\ of them. 

\ It is most important 
HHv \ to know abt)ut these 

• \ liny tre.itures. '^I'liey 

have taught us a vast 
what we now 
know about life; for 
they are so small and 
simple that in them, 

j ginnings. Much of 
|f ^Hr f what we know' about 
/ our own bodies we have 
/ leariu'd In watching these 
little beings and a great 
deal m(>n‘ bv watching the 
tiny parts, or i (‘11s, that make 


.irop of water than all the The picture above shows how a com- ^‘I‘ •‘"'1 ''O''*-’- 

fish in a whole lake. pound microscope works. Light is di- A little .spe( k of our own 

rri .1 • 1 rected upon the object to be magnified 1111 n 

To see a thing through the — m this case a fly. The rays of light blood under a nw roscoj^e w ill 

microscope w'c first iiut it be- object ]»ss through the “ob- tell us a good deal about 

tween two pieces of thin glass, versed magnified Image, so that your what happens msule us wJien 
Then we pul the glass just footlwU or 

under the tube of the instru- Passing through the eyepiece, or “ocu- going into battle, when we 
ment and throw a bright light lnd’\he“flT™Vb^SSS^? are coming in(o a fortune or 

on it. We get the right focus Ws race! The wheel-hke objects to the falling in lov'c. 

^7 right of the microscope barrel are r *1 i* i 

m the same sort of way as screws which can be turned to adjust Many ol the tiny creatures 

W'ith an opera glass — and the microscope to a proper focus. The in us and around us are gc^od 
, r . arrangement of lenses can be very com- . , , 

then we see w'onders. plicated; one or two or more can be os, and we cannot live 

A single drop of water from p“cl“TU8*is*doM without them. Some of them 

a puddle will reveal all .sorts defects in magnification, and to make are ver\' bad for us, and will 

of queer and curious crea- {“**, '4**5^ taV“epSilteiy wd 'i'’ *'• 

tures swdmming around in it. together, you must turn to our pages invade us. So it is most im- 

I’he front leg of a bee w'ill phyaics and learn about light, know' about them 


show us the brush and comb he carries 
for cleaning his antennae, or feelers. The 
wing of a butterfly w'ill be seen covered 
with a host of tiny scales that come off in 
dust if we touch them. The edge of the 
sharpest razor blade will look as rough as 
that of a carpenter’s saw. And a whole 
magic universe of tiny beings comes into 


and to find out how to encourage the good 
ones and kill off the bad ones. Without the 
microscope we could never have begun this, 
for we should never have dreamed that the 
creatures existed. ^lany a dread disease like 
rabies or diphtheria has lost its terrors since 
the microscofie, and many another is still to 
have Its fangs drawn. Never again shall we 
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Radiolanan , a tiny animal Diatom, a tiny one celled A snowflake, magnified, as are all 

of the sea. water plant these pictures. 



**Clo8e-up*’ of a flea’s head. Jack Frost’s work on a wmdowpans. Cross section of a root 


Photo* Hy <. encr»l Hi loKir»l s ipplv Ito h* and oth*ra 
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suppose that any sick man has been invaded 
by some sort of “deviP'; we shall know that 
he is a prey to tiny bacteria (bftk-teVT-a). 

And the microscope has done a great deal 
more Ix'sides. It has heliK‘d us to make 
strong steel by letting us see just what 
hapjKms in the minute i)arti('les of the metal 
we are casting. In the sjimc way it has 
aided us in making paj^er, in dyeing cloth, 
in keeping our foods pure, and in hundreds 
of other useful arts. So our world is very 
different since we found out how to see the 
little things in it a hundred thousand times 
as big as they really are. 

Things Too Tiny to Be Seen 

In theory, at least, a microscojK' coukl 
])C made to show the tiniest thing in all the 
world. But there are still billions upon 
billions of things that no one has ever .seen. 
For in practice no microscope has ever been 
made that would come anywhere near show- 
ing atoms or electrons -those tiniest i)ar- 
tkles of matter out of which all the universe 
is made. 

Yet even these minutest particles will so 
rtffect the light that something like their 
‘ shadows*’ may be seen — through a line 
instrument that we call the ultramicroscope. 
With this we can learn something of the 
action of the dancing particles and peer still 
deeper into the universe beyond the eye.' 

What a far cry from the simple magnifying 
glass of long ago! They had that as far back 
as Nineveh, w'hcre they used a rock crystal 
for the purjKJse. Down through the cen- 
turies they kept doing wdiat they could with 
magnifying lenses of one sort or another. 

What Was a “Spying Tube”? 

But not until 1590 did anyone think of 
putting one lens behind another so as to 
make an early microscope. Then a sjiectacle 
maker of Holland named Janssen made a 
“spying tube.” It could magnify about 
thirty times. Next came another Dutchman 
named Leeuwenhoek (la'vfin-hook) in 1673 
to build a great many simple microscoiMis 
and to prove from them that flics and other 
creatures like them are hatched from eggs 
and do not just come to life out of nothing, 
as had been commonly supi)osed Ijeforc. 


Leeuwenhoek is called the father of the 
science of the microscope. 

For a long lime there was no further im- 
provement in the instrument. It was hard 
to get lenses that wxtc good enough. An 
ordinary glass blurs at the edges and flashes 
all the colors of the rainbow^ on the object 
under observation. But all this was over- 
come when we began to make the lenses 
out of crown and flint glass combined. 

About 1742 Benjamin Marlin made a 
remarkable instrument with twenty-four 
lenses. It was the best mic ros<.(ji)e that had 
been knowm uj) to its lime. i'Vorn then on 
the lenses were steadily improved and the 
microsco|)e grew better and better until at 
last our modem instrument came to its 
present perfection. 

]Microscoi)es w'hich use lenses to get their 
magnification are called optical microscopes. 
Optical microscoj)es mtvc I heir purj>ose' 
w'cll. but scientists soon disc'overed that 
they have onl\ a limited ])owTr to magnify. 
The limit is set because light inove.s in w'avcs. 
We see an object only w’hen light from that 
object enters our eyes. If the object is 
definitely smaller than a single wa\e length 
of light, the light skips past the object and 
is not reflected from it. When that haj)- 
pens, no light from the objert enters our 
eyes. So we cannot see the object. 

How a Stain Helps Us to See 

From careful calculations, scientists esti- 
mate that, with even the most powerful 
microscojK?, the smallest particle W'e could 
sec must have a length of at least one-third 
of the wave length of the light used, <^r 
about 1/125,000 of an inch. The magni- 
fic'ation of microscopes is stated in diameters. 
If through a micn^scope w'e look at a single 
tiny animal one one-hundredth of an inch 
long and find that the animal looks to be 
one inch long, w^e say that the magnification 
is 100 diameters — Xioo. Optical micro- 
scopes can be used at magnifications of 
1,800 diameters when the object to be mag- 
nified is stained wdlh a color that makes its 
details stand out clearly. Higher magni- 
fications up to 500 diameters are possible 
only when we are looking at objects that 
show /cry great contrast. 
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An amoeba; the simplest 
form of animal. 


The tongue of a fly; much enlarged. Bacillus that causes milk to sour. 


Cross section of mahogany wood. 


The wing of the painted Cross section of 

lady butterfly. 

riint. l'\ <unii.ll HiiiIukIi .(I SiiiijiU H-)ii ». .nul i.iIhI' 

\<j\v if all llif above is true, il vvould 
liavo to follow I hat if wt* eoiild make use 
of li^lit tlial liad a shorter wave len^j;th than 
ordinary sunlight we t'ould see smaller 
parlieles through the mu roseojie. Work- 
ing on this prineijile scientists invented 
(n)oo) the ultramicrosi'ope we have men- 
tioned -a microscope which uses ultraviolet 
light instead of visible light. In this nii- 
cro.scope the eye does not see the image 
directly. Instead, a photographic plate that 
is sensitive to ultraviolet light registers the 
picture. Objects can be magnitied 7,500 
times with the ultramicrosco5)e. 

The Puzzling Viruses 

Soon after the ullramicro.scope was in- 
vented scientists began ti> try to improve 
upon it, but they had little success. We 
had already learned about disea.ses spread 
by viruses, in which the jiarticles were so 
small that they w^ent through all the ordinary 
filters. Knowing how tiny such particles 
must be, the scientists hehl out little hope 
that we should ever be able to see them. 


The sting of the honey bee. 


li was not until that two Germans, 
E. Bruche (brii'Kej and II. Johanrison, by 
making use of experiments dating back to 
1 808, were able to imxluce the first electron- 
formed images by using high-voltage elec- 
tron beams. To-day we have electron mi- 
croscopes that magnify more than 100,000 
limes. 

The Electron Microscope 

The basic princi|)le upon which the opera- 
tion of the electron microscoi)e depends 
comes from a discovery which we have al- 
ready found to be useful. That is Edison’s 
discovery that electrons are thrown off by 
a heated filament — such as the wire in an 
electric bulb. Scientists soon found out 
that electrons coming from the hot filament 
could be formed into a beam by a magnetic 
or electrostatic (c-lek'tro-siai'lk) field. On 
other pages we have told you all about 
electricity, electrons, and electronic tubes. 

The optical and electron microscopes are 
built in much the same way. Lenses in the 
optical microscope reproduce and enlarge 
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an object by taking light originating from 
a given point on ihe object and focusing it 
once again to a point. In the electron mi- 
croscope the electrons take the place of 
light. The “lenso'^’’ of the electron micro- 
scope arc what arc known as solenoid (so^- 
Ic-noid) electromagnets. It is possible to 
use the field of a doughnut-shaped mag- 
netic coil to bend the paths of electron rays 
and focus them on a point. Magnetic 
lenses of this type form an enlarged image 
in very much the same way that optical 
lenses do. 

In the optical microscope the source of 
light is generall> a lamp of some kind. The 
lighl rays from the lamp arc first formed 
into a parallel beam by a condenser lens 
and are then directed at the object to be 
magnified. The objective lens picks up the 
light which passes through the <»bject and 
gives us a magnified image. An evcpiecc 
lens further magnifies the already enlarged 
image and fcKuscs it for the <‘\e to see. 

In the electron microscope the hot fila- 
ment that gives off electrons is the source 
of illumination. The electrons are passed 
ihrough a hole in a positively charged plate. 
This gives them high speed. A doughnut- 
shaped coil produces a magnetic lu*ld that 
bends the paths of the electrons, forming 
them into a parallel beam directed at the 
object we want to look at. Electron ra\s 
pass through the object and in so doing arc 


affected in varying degrees, depending upon 
the thickness and structure of the object. 
Another solenc»id then focusc's the electron 
rays that j)ass through the specimen 
w^e are looking at and causes them to 
form an enlarged image. A third coil fur- 
ther .spreads the electron beam from a small 
portion of the already magnified image, and 
so produces a still larger image. 'I'he three 
coils of the cleitron microscope act very 
much as the condenser, objective, and eye- 
piece lenses act in an optical micro.se ope. 

The image* in the electron microscope 
may bc^seen when the electron bc*am falls 
upon a^tluorescent (tloo'cVr^^s'^nt) screen 
which is a good deal like the one used in a 
television receiver. Such a screen is made 
of mat^^nal that wmII itself give off light 
w^hen it n e\i)oscd to ceitain kinds of rays. 
Photographs can be made by allowing the 
beam to fall directly on a photographic plate.^ 

One difi'uultv in the use of an electron 
microsec^pe lies in the fact that w^e can 
operate the electron svstem onl\ in a vac- 
uum. After we hUve in'^cTlcd each s])eci- 
men into the microscope we must pijm|) out 
the ail, a proc'ess that lakes seveial minutes 
and needs an evlen^ive jnimping ecjiiipment. 
But in spite of diiliculties the electron mi- 
croscope is serving medic me »4ind indusliy. 
A new model using ^oo,ooo-volt c‘lei Irons 
jmmiiscs to give us liesh information as to 
the nature of manv niaterials. 


You may think that you 
are familiar with all the 
animals that live in 
ponds- the fish, the 
newts, and the frogs. 
But there are any num- 
ber of pond dwellers that 
you do not know, for 
they are much too tiny 
to be seen by the naked 
eye. To the right are 
some of these animals 
magnified many times. 



Photo by Amemou Muaouui of Notural Utotonr 


Among the animals of 
the tiny world to the left 
are rotifers, fascinating 
little creatures that, in 
spite of their smallness, 
have very complicated 
organs and extremely 
queer habits. Leeuwen- 
hoek, whom you will 
read about on another 
page, was the first to 
discover them. 
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Reading Unit 
No. 19 

THE WITCHERY OF THE X RAY 

Note: For basic information For statistical and current facts, 
not found on this pa^e^ consult t onsult the Richards I ear Bool 
the general Index^ Vol. 75. Index. 

Interesting Facts Explained 

Rays that we cannot see, 10-402 The screen that ^ives a shadow 
How Rdiitj^en discovered the X view of anything the X rays 
ray, 10-492-93 fall on, 10-493 

What a Oookes tube is like, 10- The wave length of the X rays, 
4Q.S 10 495 

What the X ray does for us, 10- I'ltra-violet and infra-red rays, 
495-94 10 495 

Things to Think About 

Ry what lucky accident did W'hat kinds of rays are there in 
t^<inlgen discover the X ray? the electromagnetic spectrum? 

How lan we have a moving pic- Why did Rentgen make a lluoro- 
ture of what goes on inside us? scope? 

Picture Hunt 

What kind of things can wt see What made Rbntgen suddenly 
with the X ray? 10 494-95 famous? 10 492 

Related Material 

What inventions do we have as a W hat kinds of rays fly off from 
result of the study of the flow’ radium, and in w’hat re.spect arc 
of electrons through vacuums? they like X rays? 9-426 

1 514 W’hat have scientists fouiul in 

W’hat w'ould WT see if we attended their search for wa\es .shorter 

a class in the X ray room? 2 - than those of light? 1-419 

253-54 W’hat .series of elements is radio- 

\Vhen did the structure of matter active? 9 -425 
cease to be a mystery? i 361 How’ are films, including X ray 
What has radium meant to films, developed? 10 450-51 
.science? i -283 

Practical A pplications 

W hy do some art collectors refu.se How does X ray help the doctor 
to allow their possessions to be and the dentist? iQ-493-94 
X rayed? 10-493 

Summary Statement 

W’hen Rbntgen discovered the been put to more and more uses 
X ray, he found .something that in .science and art as the years 
was not only of very great value have gone by. The.se rays are 
in medicine, but that has also too .short for ii.s to see them. 
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How should you like to discover something you could in the picture above. The march of science might 
not see or hear, and did not even know existed? That have been slower by many years if it had not been for 
is exactly what Wtlliam Konrad von Rontgen is doing the lucky chance which led to his discovery of X rays. 


The WITCHERY of the X RAY 

How We Found a Kind of Ray that Will Go through Steel and 

What We Can Do with It 


H ave you ever stopped to wonder why 
a ray of light will go through glass 
though not through \vood? If you 
never have, it is only because you have 
known about it all your life, and so have 
never seen any wonder in it — even though 
you know that glass is harder than wood, 
and denser. 

But when you hear about another kind 
of ray that will go right through w^ood, and 
even iron, you begin to wonder. What can 
it be that will shine through iron? 

Well, it is no great mystery any longer. 
The only trouble is that we are always 
thinking of any ray at all as a ray of light 
and nothing else — or of rays and light as 
the same thing. That is because the rays 
of light are the only ones that we can ever 
see. But there are many other kinds of 
rays besides the ones we see. And one of 
these will go through a door just as the light 


w ill come through a w In(]()w\ 1 1 is the X ray. 

It was found in bv a (rerman sci- 

entist who was looking for something else, 
but who discoverccl f.ir more than he w.is 
looking for. When he fust .saw what liis 
unseen new ray would do, he was so far from 
understanding it that he called it the X ray. 
For in algebra X is the name of any unknown 
thing. 

Now^ how could he discover a thing when 
he could not sec it or hear it or feel it? 
Well, that is a rather interesting story. 

lie was Wilhelm Konrad von Rontgen 
(fon rfint'gCn), i)rofessor of phy.sics in the 
German university of Wurzburg. Already 
he had made a name among the scientists, 
for he was fifty years old. But one morning 
in 1895 he was suddenly known to everybody 
in the world who read a i)aper — for the pai)er 
said he had found out how to see clear 
Ihrougli a man’s body! 


492 



THE WITCHERY OF THE X RAY 


He had been experimenting with a Crookes 
tube near some barium j^latinocyanide 
(ba'rl-tim plat'l-n6-si'a-nid). A Crookes 


things done with the rays he had found. 
By Ihe time of his death in 192^ the rays 
were often called Ron! gen rays in his honor, 
just as the tube in which they were dis- 
covere<l had been named for another sci- 
entist , Sir William Crookes. 



tui)e is a glass contrivance 
with the air j)uni|>e(l out and | 
with two wires running into it | 
but not touching. When an | 

electric current jumps fiom | 

one wire to the other, it makes 1 
seMial bands ol light, and 
konlgen disn)vcTc*d that when 
the current struck the second 
wire, a new^ kind ot ray wws 
sent out Irom the wire I'his *»> M«tropoiiuo mu. 

fieuiii «if \rt 

new ray wms the X ray. 

Plenty of persons doing the jhe painting above at 

same kind of e\periment be- *•** '*** thou^t to 
f 111^- ^tie work of a 

fore must have had X rays certain Flemish artist of 

flying about them. But how 

WTre they Icj know it? Ront- took an X-ray photograph 

gen fouml it out h\ a lutky tte‘cent 5 “ and lofttew 
accident. The barium plalino- wasanotherpaintmgun- 

cyanide had begun to glow! you may sec the original 


Seeing through Steel 

I'he modern X-ray lube is not a compli- 
cated device It is an electronic tube con- 
taining two elements — a hot filament and a 
metal plate. We have described the action 
of an electronic tube on other pages of this 
set. In operation the hot li lament is given 
a negative charge and the 
plate a positive one. 
tremely high voltages arc used 
in X-ray tubes. The voltage 
between the filament and plate 
- more correct ly referred to 
as the “target" - may be mil- 
lions of volts. Electrons leav- 
ing the negatively charged hot 
filament and hastened in their 
pace by the presence of the 
highly charged positive plate, 


The painting above at 
the left was thought to 
have been the work of a 


R 1 1 1 Vi fxw the seventeenth century. 
J3UI now Then the Fogg Museum 
? Rc > 11 1 - took an X-ray photograph 

a UK Ky center, and lo, there 
1 platino- was another painting un- 
, , demeathi At the right 

to glow, you may see the original 



Rontgonknew well enough that painting after the later 
^ . one has been scraped off . 

It was a lay from inside his X ray has proved so use- 


it was a lay irom inside liis x ray has proved use- arrive at the target 

tube that made the htulT glow. *«{ in m«kmg this sort of discovery that wme «rt at a terrific Miccd. 
iiiu-v « collectors will not let their possessions be X rayed * 

Hut the tube Itself was all cov- for fear that what they thought was a great mas- c nder a voltage 

ered over with black iiapcr. terpiece may tun. out to bo a forger,. 

Sothcrewasa ray in that tube that could shine for example, the speed of the electrons 
through black paper —and the secret was out. will be close to i55,cxx) miles a second, 


ered over with black paper. wrpiecemi 
So there wasa ray in that tube that could shine 
through black paper —and the secret was out. 

It is pleasant to say that Ront gen lived 
lo enjoy great honors and to see marvelous 


or 8^ per cent of the speed of light. W’hen 
millions of these tiny speeding electrons 
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the metal target whether his heart is pumping as it should, 
penetrate deeply or whether his stomach and intestines are 
into the atoms working properly with his food. When tlie 
of the metals, doctor wants a j)kture of your insides, he 
Disloca- gives you a large dose of bismuth (bT//- 
tions and mdth) to drink first; for bismuth is one of 
rearrange- the things, like lead and platinum, which the 
mcnts in X ray will not go through so easily, and the 
^ , ... . outline of vour insides shows up 

Its X-ray machines. On the dearly against it. bo you may 
have a moving picture of what 
below, which, by those who goes on inside you. 

bS “.Vn to b"MTto«^‘i The dentist ako uses the X ray 
of weeds, but part of the very often. No good dentist will 


human body. 


electrons near- 
est the nucleus of 
the atoms result in 
the release of ra- 
diations that we 
know as X rays. 



touch a suspected tooth 
until he has taken a pic- 
ture of it to see what is 
going on in its roots. Nor 
will he think he is 

/ through filling a 
root until he ha*, 
made a photogra|)h 
to see 
how^ the 
filling 
fits 


What the X Ray '^tiere are few secrets hidden 
^ M rr ^ trom the doctor nowadays. Be- 
Does for US fo^e X rays were discovered the 
n- 4. doctor had only symptoms and 
Ul course Kont- general experience to go by — 

at once saw !SS!;S!?’SS:-“™ 
many of the right into any portion of the 

marvelous things "““y 
his ray would do. He knew that it would 
take a picture, for example, without any 
camera and without uncovering the film, for 
the rays would go right through the cover- 
ing. He put a purse on top of a film and 
took a shadow picture of the coins inside it. 


And he made a fluoroscope (floo-dr'o-skop), 
or a kind of screen that gives a shadow view 
of anything the rays fall on. In front of 
such a screen you can see all the bones in 
your hand. 

And thousands of other men have labored 
to extend the uses of the X ray. Very soon 
after its discovery it had been used to find 
a bullet in a man's leg, and a little later to 
photograph every bone in the body of a man 
fully dressed. It is regularly used in setting 
bones, in order to see how the pieces fit. It 
will tell whether a man has tuberculosis, 
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With entire impartiality and truthfulness this million- giant turbine casting It will complete the job in sixteen 
volt X ray machine is hunting out hidden flaws in a minutes Weaker machines used to take sixty hours. 


1 lu \ ia\ iisi.lt h,is bun used in ilu i urt ihtsi ra\s tiavtl at the same hi^^h spud as 

of (aniit lumois and oilui giowihs In light but some ol them come in long waxes 

the lugimimg il was dangirous enough to and some in ^lort ones 

use and a numliei of ofKiiUors weie baeiK In the middle ot this spectrum are the 

binned b\ it ever latalh beloie tlie' knew light ra\s the onU ones that we can see. 

n eould h*irm them Hul it has now been I heir wax ts ait 20 millionths ot an me h long 
madi (juite salt it reasoihiblt lare is used On one side ol the^se he the ra\s ol ^holler 
Outside ol meduine it isusid loi mon and waxe length lirst the ultia xiolet raxs, 
more tilings as the xtars go bx It tan tell eoming from xerx hot bodies, then the 
xou whethei a box ot eheieolati's is made ot X laxs, and linallx the gamma raxs, ihe 
pure materials 01 whethei a steel beam has shoitest xxe haxe xet tound Ihesc are more 
.inx weak spot m it It ean sax wluthen a [lemetrating and moie xigorous than the X 
golt b.ill Is all It should be whether a Itieo raxs, and their xxaxe length is eine ten bil- 
motixe is put togelhei right whether a luuith e>t an ineh 

xxelding has been xxell made, ind whethei a On the other side he the raxs of longer 
peail Ol di.imond is leal or aitiliiial Vnd waxe length the intra red raxs whieh also 
it can do manx other things It xxas exen eome Iriun xerx hot biulies and the Herl/ian 
used to diseoxer a new ehemieal element xxaxt's short and lemg xxhieh are used in 
the one we eall hainium wireU'ss The longest Hert/ian xxaxes are 

Weallknoxv hoxx light that passes t hi ough abeuit sexen and a hall miles through 
a [irism breaks uj) into dilfeient eolois that So the X rax is emlx one of a laniilx e^f 
xve eall the speetrum In the same soit ot raxs, all alike m their spte'd but different 
\va> the X ray ean be fiassed through a in then 'stride, and all <Unng marxelous 
crystal and broken up into what xxe eall a things Ihe ones that make light are as 
spectrogram (siM'k'nri grAm) marxelous as anx, if we can onlx pause to 

The X raxs are a part of xvhat is knoxvn think of it a moment, for in all thib ama/ing 
as the electromagnetic spectrum, vxhieh in- unixerse what is more wondtrlul than simply 
eludes all the ra>s c)f exerx kind \ll of seeing-* 
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The STORY of the PHONOGRAPH 


Reading Unit 
No. 20 


HOW WE MAKE A NEEDLE TALK 

Note: For basic information For statistical and current facts, 

not found on this page, consult consult the Richards Vtar Book 
the general Index, VoL 1 5. Index. 

Interestinit Facts Explained 

The first voice signature, 10-498 What the microphone can do, 10- 
WTien Edison invented the phono- 500 

graph, 10-498 What the record and machinery 

How the voice was captured with of the modern phonograph are 
wax, 10-498 like, 10-500 

When music squeaked and rat- How the phonograph can preserve 
tied, 10-500 a song for all time, 10 500 

Thintis to Think About 

What kinds of disks did Berliner ral song into the old phono- 
and Edison make? gniph machine? 

How did Edison discover the way How did the (Ie\eloi)meni ol 
to make a voice talk again^ elcclronies help lo impiove ilic 

Why was it useless to sing a natu- phonograph.-* 

Picture Hunt 

What did Edison’s first phono- How is music recorded and ])la\ ed 
graph look like? 10-498 , on the phonograph? 10 499 

Related Material 

What is carnauba, and of what the radio^ io-itq 

use is it^ 2-258 What produces a high pitch, and 

How is the light changed back what a low one? i -448-49 
into sound when a talking pit- What determines the loudness or 
ture is flashed on the screen? softness of a sound? 1-449 
2-262-64 What accounts for the quality of 

How does the radio reproduce a sound? 1-450 

sound? 10-115, 119, 121 At what speed does sound travel? 

What arc some of the amusing 1-446 
devices that make sounds for 

Leisure^time Activities 

PROJECT NO. i: Make a rec- PROJECT NO. 2 : Find an old 
ord of the vibrations of your phonograph and play a record on 
voice, 10-498 it and on a modern machine. 
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I li It t li) riioiii la \ 1 diHOii Co 

This is the great inventor Thomas Edison, looking very you see before him. And he has made it work at last, 
tired indeed. And no wonder! For he has just worked He has invented the phonograph, v^hich will some day 
five days and mghts without stopping on the contrivance bring music and merriment to countless people* 

HOW WE MAKE a NEEDLE TALK 

The Phonograph Will Carry Our Voices Down through 
the Ages, Just as the Pen and the Printer Have 


Kept the Words of 

OlHING melts away faster than a 
souiifl. One moment ^vc are hearing 
it, and the next it is gone forever. 
And many a sweet singer in the years gone 
hy has filled the air with music that vanished 
on the instant, never to he heard again. 

What would we give to hear the famous 
Jenny Lind sing “Annie Laurie” as she sing 
it a hundred years ago? Or to listen to 
Mo/art and liet'thoven playing their own 
music? Or to hear Oicero hurling one of his 
great speeches in the face of the Roman 
senate? But these* things we shall never 
hear. They are gone the way of all the 
sounds of long ago.^ 

' But our children will be luckier. A hun- 
dred years from now, ten thousand years 


Olden Times for Us 

from now, they will hear our great singers 
and orators of to-day just as clearly as w'e 
can hear them now'. They w’ill have a vast 
collection of the words that have been sung 
and spoken through the ages, just as w'C have 
great collections, in our libraries, of the w’ords 
that have been wiilten. For we now have a 
machine that will catch the w'ords we speak 
or sing and keep them for all time. 

We cannot .set* a noise, but w'e can feel it — 
if it is violent enough. We have all felt ex- 
plo.sions of the kind that make the window’s 
rattle. Of course what we feel is only a 
vibration, anti it takes a loud one to be felt. 
But we have made a machine that w’ill pick 
up the very lightest vibrations of a sound 
and write them down for us; and that ma« 
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chine will keep a record of anything we trust 
to it, even of our whispers. 

The First Voice Signature 

Tn 1857 an Englishman named Leon Scott 
grew curious about the way his voice shook 
and vibrated in his throat, and made up his 
mind to get a sort of jneture of what was 
going on. He took a piece of sheepskin and 
drew it tight over one end of a large tube, 
making a sort of drum. In the middle of 
the .sheepskin he stuck a bit of bristle, with 
the free end of the bristle resting on a 
sheet of sooty paper. And the sheet of 
paf)er was arranged to turn 
around slowly as he used it. 

When he talked into the tube, 
the sheepskin vibrated 
and the bristle drew a ^ 

wavy line on the sooty 
paper turning around under- T >4 
neath it. If he shouted, the ‘ /^^\^\\\\\\\ 

bristle would make heavy 

scratches back and forth, but ' *1“ 

if he spoke very low it moved ^ • 
barely enough to leave the by Thoma - a 


I'huto by Thouion A Ililioon 


loudly, shallow and smooth when he used 
gentler tones. 

Then Edison look out his tin foil and 
started the needle again at the Ixjginning of 
the gr(K)ve it had just made. As it traveled 
through the groove once more, passing over 
the deep, rough places and the shallow, 
smoother ones, it made the glass diaj)hragm 
vibrate just about as it had vibrated with 
the voice in lUe first place. And then the 
sound all came back out of the funnel just 
as it had gone in, word for word. So the 
worlcl had another wonder. 
^ That first talking machine, 

k made in 1S76, is still kei)f in 

llie Smithsonian Institution 
at Wa*^hington. It was 

pretty simjde affair. 

make, and the tin 
foil record wa*^ 
turned bv hand willi a crank 
The machine was called a 
'* 1 * ]>honograph, from two Greek 

w or(U meaning ‘^sound w'riter 
d'he main trf)uble with the 


lightest traces. When he was Weight guess that the machm© machine was tliat the tin 
, , , , , in this picture was a toy printing 

through and took the paper press or a stray bit from a boiler foil was so soft as to wear out 
out, he had a kind of picture But“ ”hSSogS?S ft u- thf fSst h:id hoen used ei^ht or 

of all he had said. Of course on© ever made. By looking closely nine times. Of -course Edison 
the picture would not say it {oil cyUnder*'wWch'’rewrded*tte niight well have remedied the 

over for him, but at least ’t «ound. It w*s* run by turning Ae fault, but he was busy with a 
, , V 1 11 I crank at the left. The smaller " , . ' . 

would show now’ loud aiifl picture shows the sketch Edison good many other invent lon^ 

how fast he had been talking. before he st^ed to work ^ other men to 

- ^ ^ out nis great idea. 

Leon Scott never went an V iierfed the machine and to 


Leon Scott never went any 
further than this. lie never found out how 
to make the picture talk back at him That 
remained for the greatest of all inventors to 
do, about twenty years later. 

The First Machine That Talked 

For it was Edison who discovered how to 
bring back a voice out of the air long after 
it had ceased to speak, and make it talk 
again. In place of the sooty jiajier he used 
a roll of tin foil, and instearl of the bristle 
he employed a sharp point of steel. He also 
put a thin diaphragm (di'a-frim) of glass in 
place of the sheepskin, and a funnel in place 
of the round tube. When he s[)okc into the 
funnel, the steel needle dug a long groove in 
the tin foil — deep and rough if he spoke 


bring il into wirle usr 

Capturing the Voice with Wax 

One of the chief of these was a German 
named Emile Berliner. He made a good 
many cx{>crimcnts at taking the record of the 
voice in wax and in copper, and at last gave 
us a disk such as wc use in our records to-day. 
When he had a durable disk that could be 
made in as many copies as were wanted, he 
was ready, in i8q8, to \mt his machine on 
sale. And soon many a home had its “music 
box.” It was called a gramophone— which is 
Greek for “letter sound” -ami by that name 
it is commonly known in Europe to-day. 

In the meanwhile Edison had started to 
improve his first machine, and had perfected 
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The famous orchestral conductor Leopold Stokow- 
ski IS leading his orchestra in a phonograph re- 
cording in the studio A fourth group of players 
IS cut off by the bottom of the picture 


AMPUriFR 


Here we have a diagram of what takes place when 
sounds are *«*^orded on a phonograph record and 
then are reproduced when the record is played in a 
machine Just above at the left a man is speaking 
into a microphone The sound waves that he 
creates cause a ribbon in the microphone to vibrate 
and start electrical impulses flowing Those im- 
pulses are fed into an amplifier, which increases 
their power enormously From the amplifier they 
go to a device called a cutter It is much like a 
phonograph pickup and is driven electrically It 
operates the cutting point This is made of sap 
phire and rests on a soft wax disk It moves in ac 
cordance with electrical impulses fed to it from the 
amplifier The disk is made to revolve, and as it 
does so the cutter moves gradually toward the 
center of the disk, cutting a fine wavy groove 
around the disk The irregularities in the groove 
correspond to the variations in the sounds the 
microphone picked up 

When the record is played the pickup 
needle rides in the wavy groove and so is 
vibrated from side to side This gen- 
erates a pulsating voltage that corre 
sponds to the pulsations generated in the 
microphone The pulsating voltage is 
amplified and then fed to the loud 
speaker, which gives us sounds like those 
in the man’s voice 


SOFT WAX 


The record cut by the recording needle in the 
soft wax disk is electroplated Then an im- 
pression of It IS made in metal That impres- 
sion or die IS used to press the finished 
records from plastic Some modem disks will 
play for as long as 
forty-five minutes 
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a record made in the form of a tube, or cylin- 
der, instead of a flat disk. For some years 
the two kinds of records were sold side by 
side; but finally the cylinders vanished, and 
the disks alone remained in use — except in 
the dictating machines that business men 
use for writing letters. 

Music That Squeaked and Rattled 

A great deal was left to be done to the 
talking machine. The Jirst ones on the 
market were i)retty ])oor affairs. I'hey had 
to be turnecl by hand, and they talked 
through a big tin horn. Tn lime they came 
to be turned by a spring, and the horn was 
hidden away in the box. Still averse, the 
first machines squeaked and chugged so un- 
pleasantly that many a person would not 
listen to them. But as tlie years went on 
they were made to sing and talk smoothly 
and melodiously. Among the many improve- 
ments, the greatest of all came as late as 1025. 

For then the new-found radio began to clo 
great things for the old phonograj)!!. Before 
then it had been impossible to sing a natural 
song into the machine. The singer had to 
bellow into the big horn to make the record, 
and the record was always more or less 
strained and distorted. An orchestra or 
band had to be crowded together right around 
the horn; and many pieces had to be left out 
because they could not get near enough, or 
special pieces invented for the service of the 
big horn. So the record was a bit different 
from the music that would have been sung 
or played on any natural occasion. 

The Magic of the Microphone 

But since the radio came, the singers have 
sung and the orchestras have playe<l before 
a microphone. Here they can make their 
music just as they would offer it to an audi- 
ence. For the microphone will pick up all 
their lightest tones, and the sound will be 
carried through a vacuum tube — one that is 
empty even of air — before it is cut into wax 
ami made into a record that will give back 
just what has been heard. Even outdoor 


music can be caught and written down in 
this way. 

To-day our phonograph is not so simj>le 
as it used to be. The record looks about the 
same- -a flat disk of hard black shellac or of 
molded ])lastic. In a spiral *)n its face is the 
groove called a micro-groove if it is very 
tiny. The machinery is about the same 
— a little |)latform for the record to turn on, 
with a spring or an electric nu)tor to do the 
turning. The needle may be of various 
kinds. It may be of steel or various types 
of alloys, or of sapi)hire. But the sound box 
and the horn are different, for electricity has 
come to regulate the sounds and niake tliem 
natural and clear. That all came with the 
development of electronics, cnie of the mira- 
cles of our century. 

A Boon to Civilization 

For a long time most lovers of music made 
loud fun of the i)houogra[)l> And they might 
well do so, for it uas a ])retty poor and harsh 
contrivance, but the horrible scratches and 
kerc hunks were soon done away with; and 
now we may have I lie swcrtesl music frv)m 
great singers and orchestras tliat may never 
come within a thousaiul miles of many of 
our homes. Just as printing has scattered 
books far and w ide over tlie w'crrld, the jdiono- 
graph has carried sjiceches and songs to the 
ends of the (‘arth. Before the radio came, 
the phonograph was so j)opular that a great 
singer might earn as much as $100,000 a year 
Icmding his voice to it. 

.\nd even since the radio, the [ihoiiograph 
alone can liold and jirescrve a s|)C‘ec]i or song 
for all time. It w'ill carry the great songs 
and orations of our day down through the 
centuries to the c'hildren of our children’s 
children. I'housands of years from now' they 
may be listening to the accents of men who 
have long been silent. How much easier it 
will be to learn an ancient language! And 
many a noble word out of the y)ast will fall 
upon their ears exactly as it was first uttered 
by some famous man w'ho will fill so many 
pages in their bcxiks of history. 



The STORY of MOVING PICTURES 


Reading Unit 
No. 21 


PICTURES TO MOVE ANO 1'ALK AND 
TELL A STORY 

Xotr: For haste ittjot ntation For statistical and current facts^ 

not jound on this paf^r, consult consult the Richards Year Book 
the general Index, Vol, 7 5. Index. 

Interestinji Facts Explained 


\Mh‘ii the first moving-picture 
show was ^iven, 10 502 
How Erlison took pictures on a 
film, 10 50.^ 

W hen movies were first thrown on 
a .screen, 10 50^ 

How sound is changed into light 

Related 

How did the CIreeks show their 
love of funny pictures? 5 158 
W ho was the jioel and plavwright 
that had more to do with start- 
iim tlie Kli/ahethan drama than 
any other man? 13 i()2 
How long does the retina retain 
an image? 1-437 


and then photographed on the 
film, 10-504 

W'hen a real story was told in a 
moving picture. 10-506 
How a mtivie .scenario is written, 
lo 507-8 


Material 

How is a film developed? 10- 

451 

How are |>hotogra[>hs cabled 
acro.ss the ocean? 10 Q4 
W'hv is it dangerous for a color- 
blind i)ers()n to drive an auto- 
mobile? 2-299-300 


Practical A pplications 

W’^hat makes it possible for us to How does the moving picture be- 
.see in a moving jiicture exactly come an international lan- 
whal a diver does? 10 512 guage? 10-512 

Leisure^time A ctivities 

PROJECT XO. r; Make a PROJECI' NO. 2; Draw' an an- 
model of the "early ancestor” of imaled cartoon on the succe.ssive 
the movies, 10- 503 pages of a notebtiok. 


Sttnnnary Statement 


W^ith the use of the film in the 
camera it has become possilile to 
take a long series of photographs 
so fa.sl that the eye will not notice 


the gaps between them and will 
therefore seem to see the things 
moving which is all that is 
needed for the moving picture. 
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I'hoio rourtcifV of Warner lirothcTH 


This scene from “Life with Father” is being filmed in ture company. Those brown stone fronts are pcrma> 

an imitation street put up on the “lot” of a moving pic- nent but there are no houses behind them. 


PICTURES to MOVE and TALK and TELL a STORY 


About the Great New Art of the Twentieth Century 


F YOU had been living in New York 
in 1894, you could have gone to a 
certain house on Broadway and seen 
the first real moving-picture show. The 
house was not a theater, of course, and you 
would not have sat down in a chair to look 
at a screen. You would have ha<l to squint 
through the eyepiece of a little machine while 
you turned a crank to make the picture move 
inside it. The machine was a kinetoscopc 
(ki-net'o-skoj)), and it was the humble ])arcnt 
of all our many motion pictures of to-day. 

Even earlier there had been a goixl many 
l^rsons in different countries trying to make 
pictures of things moving. Before we found 
out how to make a photograjih, we began to 
wonder whether we could manage to make a 
picture move — to make it show a man walk- 
ing across a room or running dowrn the street; 
in 1824 Roget, in England, read a pafier 
bearing on the subject. 

All over Eurof»e j^eople began experiment- 
ing. It was not long until J. A. Plateau, of 


the University of Ghent, and an Austrian 
named von Siampfer had (hoovered, at 
about the same time, a way to show a rapid 
series of pictures of an object in motion. 
They both did it by mounting the ])ictures 
in order around the rim of a disk and then 
whirling the disk. Of course their j)ictures 
were drawings, not photographs. By 185^ 
another Austrian named Uchatiiis had dis- 
covered a way to combine the disk with the 
magic lantern, d'his j)ut a light behind the 
disk, and in that weiy the pictures could be 
thrown on a screen. 

It was Coleman Sellers, a Philadelidiia 
engineer, who seems to have first used j>hoto- 
graphs instead of drawings to show- his mov- 
ing object. In 1860 he took a number of 
pictures of his little boy driving a nail with 
a hammer. In the first picture the hammer 
was up in the air, in the next a little lower, 
in the next a little lower still, and so on until 
it was striking the nail. Then Sellers made * 
a paddle wheel with many blades, and put 
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one picture on each ])la(le. When h<* spun 
ihe wheel fast, one picture followed another 
and showed the boy hammering the nail. 

It was an interesting trick, but nobody 
dreamed of doing much more with it. 

The First “Movie” Camera 

Out in California, about ten years later, 
Leland Stanford wanted a ])icture of a race 
horse in action, lie gave the probl(‘m to an 
engineer named Isaacs; 


therefore seem to see the things moving. 
Xow for a sixteenth of a second the eye will 
hold any image it has just seen; and in that 
brief moment one jneture may go off and 
another come on, without our <‘ver knowing 
it. All we .st‘em to see is something moving 
on the screen. We can, however, take as 
many as 5,000,000 ])ictures in a second. 

When w’e have once taken a picture anfl 
developed it, we can make any number of 
cojjies. And since the 


and the engineer 
worked out a sclieme 
for putting a great 
many separate cameras 
along the track, under 
electric control, and so 
sna|)ping the horse in 
all his [)ositions as he 
])assed. Hut there were 
still large gaj)s between 
I lie views. 

Of (ourse vsiuld 
not manage enough 
< anieras to niakt‘ a rirl 
of a few thousand i)ic- 



hlm is transparent, we 
can flash a light 
through it ami throw 
it on a screen for all 
to sec. Hut curiously 
enough, that is stJine- 
thing that never 
dawned oji the great 
Kdison. He made only 
the little kinetoscoj)(‘. 
with a jH'ephole for a 
single person at a time 
to watch the show in- 
side. 

But manv other men 


tures. So we liad to 
find a way to make one 
camera tak<* tlu'in all, 
and very rapi<lly. Ami 
W(‘ could not do this 
until Kastman gave us 
a celluloid lilm in ])lace 
of the old glass i)lates 


This is the earliest ancestor of the **movies.” Of 
course the pictures one saw through the little slits 
in the black disk were drawings, not photographs. 
And one looked at the pictures themselves, instead 
of at the shadows they threw on a screen. But 
when the cord was pulled and the two disks whirled, 
the boy painted so many times on the white disk 
seemed to be driving a nail with his hammer. If it 
had not been for the dark disk, with its little slits, 
the pictures on the white disk would have been 
only a blur when the disk was whirled. 


on which separate pictures had lu'cn made magnified sonic thirl 


began to work on the 
invention. Two French 
brothers named Lu- 
miere (lu'me'ar') per- 
fected it and developed 
a machine called a pro- 
jector to throw* the 
image on the screen — 
y-five thousand times. 


before. 


'I'he Kumieres used to take sixteen pictures 


Then, in iSSo, Fldison wound a strip of in a second and tor each foot of film. For 
film on a reel and managed to snap a cjuick the talking picture of to-day we take tw’enty- 


series of pictures in a special kind of camera four a second. 

as the film unrolled. The camera he made Of course the early pictures seem jirclty 


was vcr>^ much like the ones in use lo-day. 
'Flic narrow* strip <)f film unrolled behind a 
.shutter that openeci and closed forty-eight 
limes a second. When it opened, tlie film 
stopped still and look a picture; when it 
closed, the film moved on into jilace for the 
next picture. I'hat is the way a moving- 
picture camera works now. 

So the moving picture is easy to under- 
stand. All we need for it is a long series of 
* photographs taken so fast that the eye will 
not notice the gaps between them and will 


juni])y and awkw*ard to us now. For in the 
short lime since their invention we have 
brought the camera and the projector to a 
higli stale of perfection. We can even show 
pictures in colors. And finally we have made 
(he scre(*n talk! Until 1028 the “movies” 
were always cpiiet; they used to be called the 
“silent drama.” Wnv there is as much talk 
as in any other theater. 

The machinery for talking was not in- 
vented by any one man. It w’as made by 
many people w'orking in an electrical plant. 
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It combincii the features of the phonograj)h 
and of the radio. 

When the actors speak, the sound may he 
taken up by a microphone. Now a micro- 
phone will catch every sort of sounri around 
it, and if we want it to get nothing but the 
actor’s voice, wre must keej) out every other 
sort of noise. So from being a very noisy 
place indeed, the moving-picture studio has 
suddenly become about the (juietest on earth. 
It is hung with heavy curtains to deaden 
every echo, and the cameras are placed in 
padded booths. No one mu^'t go in or out 
while the W'ork is under way. 

As the player speaks, the little instrument 
picks up his voice, and electricity carries the 
sound to a phonograph record that is being 
made along with the pictures. With the help 
of vacuum tubes, as in the radio, the sound 
may be increased or softened to secure the 
best effect. 

Changing Sound into Light 

The camera and the phonograph record 
have to run at exactly the same speed, or else 
the picture will not match the voice. It will 
not “synchronize” (slng'kro-nlz) ; and then 
we might hear the voice before we saw the 
lips move. So the electric motors that oper- 
ate the cameras and the phonographs must 
work perfectly together. 

There is still another way of recording the 
sound — on the film itself instead of on a 
phonograph record. By a remarkable inven- 


tion, the M>und is simply changed into light 
an<l then ])hotographeil on the tilm. 'I he 
electric current from the microjdione is jnade 
to w'ork u[)on a glowing lamp. When the 
.soun<I is loud, the lanif) is bright, and when 
softer the lam]> is dimmer. And then the 
light is ])hotog!aphed in a narrow^ streak 
down the edge of the him, by the side of tht 
pictures. 

Getting Sound from Celluloid 

W^hen the f)icture is dashed -4>n the scrien, 
the light is (hangtsl ba( k inlo souikI again. 
A ray of light shining through the naiiow 
streak gives the same glow as the original 
lamp; and when this is taken u]) b\ the 
])h<)to-eleclric cell, an electric (urrent is de- 
veloped that o|)erales a loud si)eaker on the 
'•tage of the theater. 

Hut now' we are far ahead of our story. 
We have gone on telling how all the machines 
w’ere jKTfected, and we have not said what 
w'as being done with them. So we must go 
back again and say what sort of j>lays were 
made. 

In the beginning there was no play at all. 
The moving picture was only a toy, and not 
a very popular toy at that. 'I'hc writer of 
these words well remembers a good vau^levillc 
theater in New York some half-century 
ago which gave a continuous i)erformancc 
from one o’clock to eleven. For fifty cents 
a ma.i could sit right through the whole per- 
formance, if he liked, and see all the acts 
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In the ovAl is the inside of a moving picture camera. The person taking a picture looks through the 
hole at B and sees in the **finder,” A, the object to be photographed. Then he presses a button and 
sets the mechanism working. The round shutter at G begins to revolve, like an electric fan, and every 
time the hole in it comes into position behind the lens F, light passing through the lens strikes a little 
square of exposed film at the bright spot marked H, and a picture is taken. As the shutter revolves, 
the light is shut out again, and while it is shut out, the two little claws at 1 seize the film through a 
pair of little holes in its edges, and pull the film down just far enough so that a fresh, unezposed square 
of film- -or **frame,** as it is called- is brought into position behind the lens. Then, when the shutter 

has revolved far enough to bring the hole in it behind 
the lens once more, another picture is taken on the 
fresh frame. And so the process goes on. The 
t unexposed film is wound, to start with, around 



the reel at E, and the little cogwheel at C, 
in the center of the camera, puUs it off the 
reel by fitting its cogs into the pairs of holes 
along the edges of the film. At the 
same time this little wheel passes the 
film that has been exposed at H to 
the reel at D, where the exposed film 
is wound up. The pieces J and K 
serve to hold the film against the cog- 
wheel, so that the cogs may fit into the 
holes. The claws at I have to work 
by jerks, for they must pull the film 
past H by stops and starts. They 
give the film sixteen jerks a second; 
that 15, sixteen pictures a second are 
^ taken on the film. 


At the right is a projector which 
sends a powerful ray of light 
through the pictures on a mov- 
ing-picture film, and focuses the 
ray on a screen in such a way 
that the shadows cast by the 
film may be clear and sharp. 

The machine is run by elec- 
tricity, which furnishes the light 
and operates a motor out of 
sight in this picture to drive 
the mechanism for passing the 
film in front of the light. The 
oblong wire cage at the left con- 
tains the 'Mamp house,’* in which 
is an electric lamp to furnish 
the light and a lens for con- 
densing the rays. These are 
concentrated on the projecting 
lens, which is in the little cy Under at the right. Between the lens and the lamp is a curved strip of 
metal, D, with a hole in it just in front of the lens. This strip of metal is known as the ''gate.** As 
the long strip of film, with its senes of pictures, is passed over the gate, each picture stops for a brief 
instant in front of the hole. This allows the light to pass through it and fall upon the lens. Then, as 
the film passes down over the gate, another picture comes between the lens and the light, and another 
set of images is cast on the screen. And so they follow, in swift succession. In order that the shadows 
on the screen may not be blurred as the film passes rapidly in front of the light, there is a revolving 
shutter, E, which consists of a disk with holes in it. Whenever the film is being moved, this shutter, 
which passes between the lens and the film, shuts off the light from the lens; but as soon as a picture 
on the film comes squarely in front of the lens, the hole in the shutter has come into a position to let 
the light through for just an instant. 

A neat mechanism keeps the film passing at even intervals over the gate. It consists, first, of two 
little cogwheels at A and B. The cogs in A fit into holes along the edges of the film, and as the wheel 
turns, it slowly unwinds the film that is wound on the upper reel. This film passes down over the gate, 
and then is fed to the lower reel in the same way by the wheel at B. A Uttle pronged lever, operated 
by the wheels F and G, fits into the holes in the sides of the film and jerks the film, a picture at a time, 
down past the hole in the gate. This little lever must work very fast. It has to grab the film sixteen 
times a second, jerk it down, let go, and then grab it again. 
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twice. But the managers had a way of deal- 
ing the house. About six oVlo<k they j)ul 
on a moving pictuic. It lasted only about 
ten minutes. But it was so tame that nearly 
all the i)eoi)lc would gel uj) and go out. 

And well they might. For the moving 
picture of that day had little to show e\ce|)t 
a few stale tricks and curiosities It reached 
its veiy' i)eak when it managed to show^ half 
the people in a village chasing some cornual 
fellow' through the streets and possibly falling 
into the river at the end Nearly every pic- 
ture closed in some such chase, and the 
people in the theater were simply bored by it. 

From Comics to Classics 

But in 190^ a real story was told in a 
picture called ‘‘The lafe of an Amerii an 


hireman,” and this was fallowed by “ 1 he 
Great Train UolduTV Of (oinse tluse little 
plays were ])a(ked with thrills, and for a 
long time the moxing pictures were going to 
show ver}'^ little except floats of daring and 
danger — Wild West scenes and cowboy ad- 
ventures. But these were at least plays, 
however poor. And by ic;o^, in Pittsburgh, 
the first tluMtcr was opened to show moving 
pictures only. 

The early jdays w'crc one reel long -a 
thousand feet of lilm— and for a good while 
this was the standard length of moving pic- 
tures. Tt was a great evemt when Adolph 
Zukor began to biing out yilays in two and 
three reels. And to such directors as Zukor 
and T). W. Gridith we mainly owe the ama/.- 
ing growth of the i)hotoplay of our time's. 
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Two film stars are about to be **shot” in this handsome feet in order to look shorter. The camera will not show 

ballroom built in the studio. The hero is in his stocking them when the scene is filmed. 



I'or the* jiholojilay is a child of our own 
century. 

By igo7 we had ^‘Ben ilur” on the screcMi, 
and by 1013 “Quo \ ailis.'’ 'I hese were grand 
spectacles in their lime. In Zukor 

scored a lriuin])h by per.suading the great 
French actress Sarah Bernhardt to jday in a 
moving picture — for at the start the well- 
known actors were very scornful of the 
“movies.*’ By 1014 (IrilVith gave us, in 
“ I'hc Birth of a Nation/’ a i>lay that made 
an era in the ail and drew thousands of 
s|)ectalors who liad ne\er gone to jneture 
])lays before. 

What the Movies Gave the World 

From that lime the picture jday lias gone 
on steadily and rapidly to the perfection it 
enjoys to-day. It has told stories that aie 
longer and very much belter. It has shown 
more and more marv’clous scenes and set- 
tings. It has drawn in the greatest actors 
and actresses in the world —many from the 
regular stage, and many who have never 
acted anywhere except before a camera. It 
has done w'onders in a new kind of acting — 
for never before in the w^orld had actors 
'known how to say so much with their faces 
and their gestures, with the curl of a lip, 


the shjug of a slniulder, ihe glint of an eye. 
And it has spent money in enormous sums; 
for in these fewv years the ])hotopIay has 
grow'ii into a vast liusiness enterprise. It is 
now amusing a hundred times as many 
|)c‘ople as were evx'r amused by any one thing 
in the hislor\ ot the world before 'Fhe in- 
<lustr\. centered in llolKwood. ('alifornia, 
sends films all o\ei the \\i)ild. 

If we have a story that we want to jiut 
on the screen, how’ do we go to work? It is 
one thing to write out the story for a book 
or maga/.inc, and a very different thing to 
put it into pictures — so different that very 
few^ men can di> both. 

First we dmde the story up into various 
scenes. In the regular theater there would 
usually be three or four of these, for the 
projHTties on the stage cannot be changeil 
much. But in a photoplay there may l>e 
hundreds of scenes, for we may alter them 
as often as we like. So in this way the 
moving picture can do far more than the 
regular stage could ever dream of doing. 
\nd the first thing to do will be to make 
out a long list of scenes and of the action in 
each one. That is the “scenario.’* 

But the scones may be in very different 
jilaces — some in California and some on 
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Broadway, bome oi\ an ocean liner and some 
in Baghdad, with others in many other spots. 
Clearly we want to take all the pictures for 
each place -or “location” at one time. We 
do not start the first scene in California, go 
to Baghdad for the second, and return to 
Broadway for the third. Instead we must 
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It is not always easy for 
a moving-picture actor 
to get just the right ex- 
pression. The greatest 
actor may fail at this. 
So producers have 
thought up ways to 
help the performer by 
action just out of range 
of the camera. Above, 
you will see a man 
looking quite as much 
startled at the thought 
of being hit in the eye 
with a bean shooter as 
he would look if he had 
just been told that the 
police were on his trail. 
And at the right, a 
number of gentlemen 
in threatening attitude 
are helping the hero to 
find tile expression he 
should wear when 
waiting for the villain 
to come on. 



see him in the picture, hut his hand is in it 
cver>'where. He plans the whole play, and 
by heroic effort sees that every i^erson in it 
does exactly the right thing at the right time. 
He alone knows what the whole picture has 
io <lo; and in any given part lie may be 
forcing an actor through an exquisite bit of 
a scene -of sorrow for the death of a sweet- 
heart or of joy in the discovery of a 
gold mint* — when the actor has 
not the slightest notion what it 
is all about or what the whole 
play wdll be like. 

Before the actors be- 
gin, the scenery must be 
ready. Jn many plays 
the most extraordinary 
scenes must be shown 
courts and palaces, des- 
erts and dungeons, ice 
huts and medieval castle/# 
and Roman arenas. So 



PhutoB by I’arAMiouot mnJ Fint National dludio 


take all the California scenes at once, wher- every big studio must have its architects 

ever they may finally come in the picture, and artists as well as its costumers, and they 

then all the Baghdad scenes, the Broadway are often called upt)n for the most marvelous 

scenes, and so on for the rest. Our scenario feats of art. Sometimes a whole city has 
must therefore be cut up into various sets of to be built for a single film. A big studio 

scenes for the various locations. It is then a may keep ten thousand costumes in stock, 

“continuity.” and then have many made to order as re- 

At this point it goes to the director. He quired for a given play. And of course 

is a most important man. You may not the cost is enormous. It may well take a 
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The scene at the back of the picttire is being **8hot** in this movmg-picture studio. Can you find the camera? 


million dollars to put a picture on the screen. 

While the scenery is being made, the actors 
will be chosen. There arc stars in every 
studio, of course, but often hundreds and 
e\ en thousands of extra people must be found 
for a given play — soldiers, Indians, cowboys, 
mobs, and what not. A play like “The Cov- 
ered Wagon’' uses some three thousand 
“extras.” The extras can hardly get rich, 
but the stars arc paid enormous sums. The 
best of them earn salaries larger than are 
l)aid to any other person in tlie w^orld except 
a few crowned heads. 

When all is ready, the filming begins. 
Then a number of other experts come into 
•action. A large studio may employ as many 
as forty cameramen, twenty or more property 
men, a few dozen chauffeurs and truckmen, 
and a hundred or more electricians; and all 
of these may be busy at once when the 
“shooting” starts. The lighting of the scenes 
.is a fine art all by itself. 

Over all the army of workers the director 


reigns supreme. The players in particular 
obey his every word and gesture. They must 
be very highly trained in make-up, for the 
camera plays strange tricks with colors. 
Anything red will look black on the screen, 
and anything yellow wdll be white. So if 
you want your cheeks pink in the picture 
and your hair yellow, you must have them 
some other color when you stand in front of 
the camera. In the studios we often see 
actors and actresses witli their faces greeni^sh 
and purjde. They will look all the better on 
the screen. 

The players must be even more highly 
trained in acting. It is no easy trick to kc-ep 
in the right place before the camera, no mat- 
ter how much you have to move around, 
and to have your picture taken thousands of 
times without ever looking at the machine 
or ever seeming to know’ it is tliere. Have 
you ever tried to look “natural” in the face 
of a camera? And it is far harder still to 
make your features tell all the intense emo- 
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tions you are supposed to feel as the play 
goes on. That would be hard enough in 
the quiet of the studio; but often it must 
be done in a blistering desert or on an icy 
mountain peak, in a howling mob or a blaz- 
ing building. Even in the studio the glare 
of the powerful lights will ruin the looks of 
anybody but an actor of long training. 

For these and other reasons, the very 
best actors often have to go through a scene 
time and time again before it is 
perfect for the camera. And 
even then it is likely to be 
too long. So when the 
whole film goes to the 
editorial department of 
the studio, it is 
likely to be cut and 
pieced in many 
places before it is 
ready to go out over 
the world. 

In the various } 
studios a whole new « 
language has been 
born. It is only 
slang, of course, and 
IS often more for- 
cible than beautiful, 
but there is so much 
of it that a stranger is 
often at a loss to know 
what the people in the 
studio are talking about. ^11 

To “crack the sun’’ is to 
turn on the big arc lamp. of luhrru i,i 


tions you are supposed to feel as the play we can still make it do a thousand tricks 
goes on. That would be hard enough in that will look like anything but the truth, 
the quiet of the studio; but often it must In the early days of the moving i)icture, 
be done in a blistering desert or on an icy it was a favorite trick to show a man diving 
mountain peak, in a howling mob or a blaz- off a springboard into the water, and then 

ing building. Even in the studio the glare coming back up out of the water feet first, 

of the powerful lights will ruin the looks of floating in a graceful curve up through the 
anybody but an actor of long training. air, and landing on the springboard where 

For these and other reasons, the very he started. Of course, the picture was just 
best actors often have to go through a scene run through tlie projector backward, 
time and time again before it is But su[)i)ose we want to sliow a 

great train plunging over a 
bridge into a river. No rail- 
way is going to lend us a 
bridge and a train to 
wreck, and it wall be 
very costly to bui’d 
one for ourselves. 
So we just mak(* a 
tiny bridge and 
train, exactly like 
the big ones. Then 
we w'reck it in 
studio and lake the 
picture; and wlieii 
we magnify this on 
the screen, nobody 
in the world will 
know the dilT( leiK e 
In the Svinie way we 
can wreck a steamboat 
on a table in the studio 
'rhen we can lake some 
pictures of the oct'an, and 
put the two sets of j)ictures 
turn on the big arc lamp. of luhrru i.i,.,. together to show the ship 

“The Charlie has the bloops” From “Louisiana Story** comes this sinking in the sca. 

shot of its young hero photographed r- .• • i 

means that the actor w'ilh a “on location.** Many of the scenes Sometimes a single ac'lor 

mustache has a deep, resound- j,” j b®, apiiears as two dilTcrent iwr- 

ing voice. “I’ve been pulling them, too. are documentary, and sons in the same j^icturc — one 

a horse opera” means that I ;5X*!lt%?re"?wo“k“ to on the scr«-n, 

have been working on a cow- is making his way through the reeds the other to the left. In this 
o 1..^^ that grow in the marshes. 


boy picture. “What a lamp * 

post!” means “What a gorgeous piece of 
jewelry.” 

And so on with hundreds of other words 
and phrases. A language of this kind always 
grows up when a great many jx^ople in high 
s;)irits live and work together — as among the 
boys in a college. 

In one sense the camera alw^ays tells the 
truth. It shows exactly what it sees. But 


LU marsnes. yjicturcs have l)cen 

made and pieced together. If you have ever 
seen an angry lion jdunging at a frightened 
heroine on the screen, you may l)C pretty 
sure he was really jumping for a piece of raw 
meat. In one picture twenty lions were 
turned loose on a group of Christian martyrs. 
But the front rank of the martyrs were all 
lion tamers, though they kept their whips 
and pistols out of sight. As the lions plunged. 
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This is a picture of what happened every day at noon 
in the desert city especially constructed to house a 
moving-picture company. They were acting in a pro- 
duction photographed near Zion National Pork, in 
Utah. Often **mountains’* and **deserts*' can be set 
up in the studio, but if a whole drama with a great 


deal of scattered action, such as a **Wild West*’ play, 
is to be filmed, it is necessary to convey the company 
and equipment to some likely spot. There they work 
very hard until the photographs are all taken. It is 
exacting and wearymg toil for actors and camera men, 
and for everypne else concerned in the production. 
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1 bulo 1 os Mn\ u toiu 

V/hen a really beautiful production is to be filmed, no 
expense is spared. Those are not cheap costumes you 
see in a good film, nor is the antique furniture made 
in the studio. Everything is genuine. Talented artists 
and interior decorators design the settings, and the 
greatest are taken to have the least detail perfect. 

Sii 


The scene above U a picture of a model made in the 
studio for use in a film called “Just Imagme. It is 
supposed to be a picture of the New York of xpSo. 
Now of course the New York of 1980 could hardly be 
shown “true to life,” but many months were spent in 
making this model perfect architecturally. 
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the cameras stopped and the tamers drove 
the beasts back to their dens. Then some 
dummy bodies were soaked in bullocks’ 
blood, and the cameras were started again 
to show the lions tearing at them. 

We have all seen a man on the screen run 
over by a steam roller, only to get up and 
walk merrily away. Of course the camera 


or a plunging horse or even a whizzing bullet. 

For things that move very slowly we can 
do just the opposite. We can make a snail 
dart about like a lizard. We can take pic- 
tures of a growing plant, one every few hours. 
When we run these off rapidly on the screen, 
we may see the whole plant sprouting, grow- 
ing, budding, flowering, and dying, all in a 



Phoin courtcy of Warner Brother. 


In the foreground is the forbidding srrsy of spparatus 
and technical skill that was necessary to make this 

Stopped just before the roller hit him. Then 
a dummy was put in his place to be run 
over. And then the camera stopped again 
while the man took the dummy’s place^ 
When it started once more, the man was 
getting up and running off. 

Wonders the Camera Shows Us 

Finally, the camera can show us a great 
many things that we could never see without 
it. In many ways it is the best teacher we 
can have. 

It is the only thing to show us the wonders 
of motion. There is a special camera to take 
pictures as fast as fifteen hundred a second. 
When these are put on the screen at twenty- 
four a second, we see an extraordinary *slow 
motion that shows how everything was done, 
to the smallest detail. So we can see exactly 
what a beautiful diver does as we watch him 
floating slowly through the air. In the same 
way we can watch a bounding tennis player 


peaceful scene look real on the screen. The micro- 
phone is overhead on the end of the boom. 

few minutes. We have IxMuliful pictures of 
spiders weaving their webs, of anls busy at 
their work, of grasshoi)pers ‘Ringing,” and 
of many other marvelous things in nature. 
There is a great deal of education in the 
screen. 

Teachers have seen that this is true, and 
whenever they can they bring motion ])ic- 
tures into the classroom. History, geogra- 
phy, English, science — in all these subjects 
vivid and interesting films help the textbooks 
and prove to the student that “seeing is be- 
lieving'’ — and remembering as well. 'I'he 
last W'orld War taught us that films can be 
of great use in teaching various skills- in 
industry, for instance, or in military science. 
And many a distant village learned from the 
'‘movies” that ixople of quite another race 
or color were working day and night to help 
bring victory to the cause for which we all 
were fighting. Those lessons were not for- 
gotten when the war was over. To-day in- 
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siruclional films arc shown wherever i)eople 
want to learn - in schools, factories, churches, 
and training cani|)s. We even have them 
in the home. 

In other ways, too, the “movies’’ helped 
to bring us victory. 'I'hcy went to war all 
over the world and in many guises. There 
were the newsreels as a record of history, 
the training films, combat bulletins, and in- 
formation films for both fighter and civilian. 
The motion-picture industry sent out 6 , 8 io 
artists to entertain the armed forces both 
at home and al)road. Kverv day, while the 
war was at its height, our lighting men saw 
an average of ,SiSoo mo\ ing-picture show- 
ings — gifts from the motion-picture studios. 

What Is a “Documentary”? 

The w’ar aKo saw the full flowering of 
what we call the “documentary ’ film the 
picture that is an unvarnished, factual record 
of man’s struggle with the physiuil world 
around him. hrst film of this kind had 

been released in 1022 “Namuik of the 
North,” it was called, 'fhere people .stiw 
a faithful picture of life in the cold North - 
rc‘cordc‘d on the sj)ot. More and more such 
films were producc’d in the \ears that fol- 
lowed, and al\\a>s the iniblic gave them a 
hc^arty welcome. No it was not strange 
that during the war die camera w'as set to 
w^ork recording the horrors and the heroism 
of that gigantic struggle. The result w^as 
magnificent. No one wflio siiw’ them will 
ever forget pictures like “Desert Victory,” 
“The True Glory,” or “The Fighting Lady,” 

Our Newest Art Form 

The motion picture, once de.spised by the 
“highbrow',” has also had the honor of bring- 
ing us our ncwvesl art form -and an art form 
is not originated every clay. It all began 
when a boy from a Missouri farm began to 
draw pictures of the farm animals on the 
margins of the pages of his schoolbooks. 
He was clever enough to arrange the sketches 
in such a w'ay that when he turned the pages 
rapidly the animals seemed to move. You 
probably have already guessed that that boy 
w'as Walt Disney (rgoi- ), and that the 
new art form was the animated cartoon. 

Like many another man who came to fame 
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Wall Di.sney had to make his way alone, 
with very little help from Fortune. He was 
horn in ('hicago, the son of a contractor, 
but his boyhood was spent in Missouri— first 
on a farm and then in Kansa.s City. His 
first commercial success came when, at the 
age of ten or eleven, he got a free haircut for 
draw'ing a .sketch to adorn the w'all of the 
town barber shop. After he w'ent to live in 
Kansas City he delivered jiapers after school, 
and later, when he w'as in high .school, he 
worked on a train selling pajiers, magazines, 
peanuts, and candy. Hy the time he w'as 
.sixteen he had earned enough money to pay 
for a night course in cartooning at the Acad- 
emy of Fine Arts in C'hicago. Those few 
months of evening study w'ere about all the 
formal art training he ever had. 

When the United Slates entered World 
War I the l)c>y w'as loo young for the Army, 
l)ut he managed to see active service over- 
seas as an ambulance driver. Back home, 
he got a job as illustrator on a farm journal 
in Kansas City and in his free hours began 
draw'ing cartoons for a film comi)any. 

Disney Goes to Hollywood 

It veas in 102^^ that he finally w'ent out 
to Holly w'ood to join a brother w'ho w'as al- 
ready employed there. His sole capital at 
that time was forty dollars and a print of 
a cartoon called “.Mice in Cartcnmland.” 
The two young men formed a j)artnership, 
and after three months of discouraging search 
a [iroducer was found for the cartoon. For 
the next four years Disney gave all his ener- 
gies to making cartoons of Osw'ald the Rab- 
bit. .\1 the end of that time he and his 
brother set up their own company and Wall 
produced the first great creation of his gifted 
imagination —the immortal Mickey Mouse. 
The third Mickey Mouse film w'as provided 
with a sound track, and Di.sney himself 
spoke Mickey's lines. The film was an 
enormous success, and Mickey’s creator came 
into lasting fame. 

The Followers of Mickey Mouse 

The graceful wdt and delicate fancy that 
had produced the gallant Mickey now gave 
birth to a menagerieful of delightful animals. 
Donald Duck, Pluto, Minnie Mouse, and 
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Goot\ began to troop ai ross the screen and to 
delight audiences in t\cr\ land on the globe 

11 k Mickcx Mouse, lilnis and the Silly 
SMiiphonics \Mic shorts as \\as ‘ I he 
Three Little Pigs the tiist tilm of 

I)isiH\ s Id mike in individual iiputalion 
But though loi lour \cars he was awaided 
the annual pn/c ot the \eadcm\ oi Motion 
Picture \rts and Sciences Disnev was not 
Nalished Ht boi rowed nionex from the 
bank and, against the advice of the whok 
motion picture industrv , started on a ie i 
ture length him He called it Snow White, 
and the Stveii Dwaris but ^leople in Hollv- 
wood called it Disnex s lollv 1 e)r the 
him, on which he spent three vcais tost 
Si hoo exx!) and had to tcikc m S >^00000 
before it could return a doll ir to its eit itor 
When the exquisite fairv tale was released 
(10^7) Its receijits mounted to SS 000 000 m 
onlv a lew months 

“Fantasia” 

\ vtar later Disnev rcjitatcd its sueets> 
with Pinoeehio and in 1040 he c iiucci 
nisiitw art lorm still tarther with I intasii 
in which, bv an entiieh nc \ method ol re 


cording, he set his pictures to .1 numbe*r of 
famous musical compositions 

How Animated Cartoons Are Made 

Walt J)isne\ produets his pictures in a 
little acre cit\ all his own, where the 
work ol his thousand or moie emplovccs 
tills twciitv dilTerent buddings He no 
longer draws his own cartoons, but he still 
oversees cverv least detail 1 11st the action 
is eartlullv m ipped out and the musical 
sc )ie IS loughh timed to lit the sketches 
llun the aitisis caPed the “animators — ■ 
set to woik drawing in bv h ind the thousands 
ol scenes that will till the lecls Senior am 
matois hist sketch all the inquntant points 
in the action ind est dilish the ehar.ictcrs 
ol the utois I hen the routine worker‘- 
till in the slej)s between 1 he whole is 
pho‘ogra[)he d and c ritu i/cd b\ Disnev him 
sell be lore the see ms irc inked in infl 
paintcil in color 1 he process is slow and 
veiv dilticult lor the sketches eann<»t be 
just pictures I he ligiiies must live 

Disnev savs he never his [ilumed his 
pictures loi ihilclien onlv Peihaj)'- that is 
vvliv children like them so much 



Walt Disney is at work 
at his drawing board, 
sketching a sequence in 
which his famous Mickey 
Mouse will appear 
When Mr Disney has 
finished his part of the 
work other artists will 
fill in events and details 
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The STORY of REFRIGERATION 


Reading Unit 
No. 22 


ALL THE WAYS OF FREEZING THINGS 

\otr: For bask injorwation For statistical afi(I( urrrut farts, 

not found on this paf^c, consult consult the Richards Year Hook 
the f^rncral Index, Yol, 75. Index. 

Intere.stinii Facts Explained 

When the first Dlocks of ire were How stora^t* rooms on boats 
(Tit and stored in America, 10 are kept cold, 10 

515 How care is taken to keep out th^ 

How ice was kc[)t from melting, heat in cold-storage rooms. 10- 

10-515 51H 

Why we li^'ht a fire to make ice. How our refriuerators work. 10- 
10-515 

When the fir.*-! refrigerator car How buildings can be kept cold 
was built, 10-518 in .summer, 10 519 

Thinfis to Think About 
U hy fiid Mr Richard Steele s fish temperature? 

die? Why is there no mess left behind 

Why is natural ke packed in saw- when dry ice “medts”? 

dust.'" How may refrigeration help to 

U’h}' must food lie kept at a low make the human race stronger? 

Picture Hunt 

How is natural ice cut? 10 515- plant? 10 517 

It) How does the electric refrigerator 

How is ice made in a cold-storage work? 10 518 

Related Material 

Who built their homers out of parts of the country? 9- .^29 

blocks of ice-' ii 598 How does the iras refrijierator 

Why does ice lloat? 1 48^^ work? 1-409-10, 477 

How is dry ice made? i 400-8 How is a current of air establi.shed 

How much ice cream is made in in a refrigerator? i 485 

.\merica each year? 9 35S How' are camj) refrii'erators built? 

How is meal shi|)|)ed to distant 14 55- 

Practical A pplications 

How is mutton taken from New How is natural ic'e stored for use 

Zealand to Kn^dand? 10 518 in .summer? 10 -515-10 

Leisure-time A ctivities 

PROJKrrXO. i: Make some PR 0 JE(T\ 0 . 2: Make a camp 
ice cream. refrigerator, 14 552 

SufUfnary Statement 

Recause l)acteria cannot grow one important advantage of this 
where it is very cold, we have is that our food can be brought 
learned how to free/e things, and to us from great distances. 
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*Mito <<iiirtAt) SHnrt 


This farmer is carefully stowing his crop of grapes in- ern refrigeration will keep his product in perfect condi- 
side a railway refngerator car. Like the meat packer tion even though it goes across the seas So he has not 
and the fisherman, the fruit grower is certain that mod- had to harvest his crop before it was^aeady to eat. 

ALL the WAYS o/' FREEZING THINGS 

Old Nero Used to Have Boxes of Snow Brought to Him 
from the Mountains. Now We Make Our Own 
Ice Right in the Kitchen 



OUT two hundrcfl years ago the 
famous author, Sir Richanl Steele, 
thought he had a line idea for getting 
fresh food out of the sea to all the jxrojile in 
England. For many of the i)Cople it was 
hard or impossible to have sea food, because 
the fish would spoil on the way to them. So 
Steele built some sj)ecial boats full of water 
to bring the fish to shore, and some special 
water wagons to carry them alive all over 
the land. Then he thought he was going to 
get rich. The only trouble was that the fish 
did not like the notion. They are said to 


have )>allt*refl themsflvt“«» to death against 
the sides of the wagons The truth is prob- 
ably that they died of the stale water 

If Steele harl killed his fish and packed 
them in ice, he could have sent them any- 
where. But he did not have enough ice;*for 
in the quantity he would have needed, ice is 
a fairly modern thing. 

Of course there has always been ice in most 
parts of the world- in the winter time. But 
it was not cut and packed away to keep all 
summer, and there was no way to make it 
as we do now. In ancient days some fabu- 
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lously wealthy man might possibly have a In the \ 
little of it in the hot days. The Roman em- cut out 
peror Nero, for instance, used to make his horse pu 
. slaves l)ring him boxes of snow all the way blocks a 
from the high Alps down to Rome. But ice away in 
for everybody, ice for carrying meat and For m 
vegetables all over the w^orld, 
is a pretty recent luxury 
A hundred and tifty \ears 
ago there were no soda 
fountains, an<l very little ice 
cream; for ix'ojde had 
just begun to cut up tlie 

rivers in the winter and ^ Wjm 

mer. It was in 17Q0 that / J| 1 

the first blocks were cut 

and stored in America— 

from a pond in what is 

now the center of New 

soon * 

tiusiness started, 
began to grow' ra])idly. 

Ice houses built 

along the Hudson River, 
and ice mere bants be- 
gantopeddletbeircold ^ 

wares from door to door 

, The ice cutter in the center picture 
in many a town, oea shown going into action at Nor- 

taptains were- soon tak- w.y, Maine. It is propeUed by 
. ‘ gasoline, cuts along grooves already 

ing loads of ice to tro])i- marked, and can do the work of 
.,..1 .... more than a dozen men working in 

cal dimes, even as far as saws and a horse- 

India, and selling the drawn cutter, as shown in the other 
, . , , . 1 two pictures. One man and an ice- 

gllStening blocks at high cutting machine can keep thirty-five 
nrices filling the ice house, and 

< * . can harvest 760 tons of ice a day. 

How did they keei) the 

ice from melting? Their onlv wav was to icc? Ci 


In the winter the ice on a pond or river is 
cut out in squares by a machine or by a 
horse pulling a sort of saw over it. Then the 
blocks are taken to the ice house and packed 
away in stacks under the sawdust. 

For many years we got all our ice in this 
way. It was by no means the best 
, way. The water in the pond might 

t be dirty or impure. The ice had 
\ to be carried a long way to 
people living in southern coun- 
llll^ tries. And every so often 
the crop failed because the 
winter was not 


cold enough. 
So we have 
j)retty much 
given up using 
natural ice, 
and now make 
nearly all w'e 
use. 

And what do 
we do to make 





N if>M Co 


ice from melting? Their only way was to 
keep the heat away from it. Now some 
things will carry heat far more than others. 
If we stick an iron bar into a fire, for instance, 
the end of it in our hand will soon be warm. 
But if we stick in a bar of w’ood wx can hold 
it till it burns almost up to our fingers, for 
wood is a poor carrier, or conductor, of heat. 
And of course it is jioorest of all when it is 
all chopped up into little bits. That is why 
we pack the ice in ice houses in saw'dust; 
under this it will keep for a long time. 

There are still ice houses in a good many 
parts of the colder countries of the world. 


icc? Curiously enough, wc first start a fire. 
For we can use a fire to frex/e things as well 
as melt them, just as ea’^ily as wx can blow’ 
hot or cold with the s;\me breath. 

How We Make Ice 

The fire makes the steam to run an engine, 
and the engine in turn oi)erates the ice ma- 
chine. This is a strange-looking contrivance, 
though It is really very simple. It merely 
blows out a spray of Freon- 12 gas w'hich is 
so cold that it will freeze the water near it. 

For if a gas is suddenly released from 
pressure, it comes rushing out very cold. 
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The inset shows the plan by which the blocks are 
packed m sawdust to keep the air out so that they 
will not melt when summer comes. 

milk and (Kam. and fruit and \e^elal>les 
would hd\t* ii bard I nut tr.ivding to us unless 
we kept them i old. 

A Big Ice Box on Wheels 

For all tresh food will spoil \eiv easily 
lin\ plantM.alled bai ten i (bak-li 'n-a"^ begin 
to grow on It and ruin it Thev aie far too 
small tor us to see, but they will fMUson us 
all the same. Hut these bacteria uinnot 
grow' wheic it is \ery cold. So as soon as a 
side of beef leaves the hands of the butcher, 
It is kept cold to prevent any decay; and it 
is still (old when we buy it, a thousand or 
more miles away fn the same way our 
buttcT is Iro/en to keej) it from going rancid, 
and many other things are kept frigid to 
jirevent their spoiling. 

A century ago we had to eat our fresh 
foods where they grew', and quickly. Now 
we have oranges and lettuce from California, 
beef and mutton from Chicago, and a hun- 
dred other things from a hundred other 
jilacos. We can carry these things around 
the v'orld, or keep them for months without 


I’huto b> Sun C u 

Harvesting the ice crop in the Charles River at Wal- 
tham, Massachusetts. Of course many crops cf ice 
may be gathered in this way dunng a long, cold winter. 

Freon- 1 2 gas behaves in this way, and 
w'hen the machine s^irays it out of a little 
pij)e and through a big one, it turns every- 
thing around the big pipe frigid. If the pi|H' 
ran through fresh water, for instance, the 
water would frc'e/c at once, and the ice would 
have to be chopped away. So the pijn* is 
run through brine, or salt water, instead, for 
salt water freezes onlv at a good deal lowei 
temperature. It simply gets intensely cold 
Then the brine is jiumiKvl around big cans 
full of pure fresh w.iter d he water soon 
turns to ice, and the cans aie then emjilicd 
of the clear, cold blocks that liave formed in 
them. That is how' we get pietty much all 
the ice we use in cities now. 

The Uses We Make of Ice 

We all like ice for frosty drinks and dishes 
in the summer days. But it is still more 
useful in a number of other ways. Indeed, 
it is an absolute necessity if w'e are going to 
live the kind of life we arc now used to. 
Nearly all our meat, and even more of our 
fish, comes to us in ice. Our eggs and butter, 







i^ature makes winter with a breath of cold air Man by a spray of Freon-T2 gas On the second floor ice 

makes it with a breath of Freon-12 gas In the ice is made by sinking large tins of pure water in the icy 

and cold storage plant above, the refngerating ma- bnne Pipes of bnne cool the air on the top floor to 

chines are on the first floor. There bnne is chilled freezing Then the bnne flow s back to be chilled again. 
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harming them. Thus we not only have food tom of the boat and keeps the storage rooms 
from all over the world, but can even store down there as cold as Greenland. On such 
up summer foods to eat in winter. For all a boat we can carry mutton from NewZea- 


his riches, Ne- 
ro never had 
a tenth of the 
good things to 
eat that we 
can have now 
— and all on 
account of our 
cheap ice! 

Of course 
we need spe- 
cial cars to do 
the carr>dng. 
The first re- 
frigerator car 
was built in 
1867, to carry 
meat from 
Chicago to 
New York. 
But refrigera- 
tor cars are 
no longer 
'V h a t they 
t>nce were — 
just big ice 
boxes on 
wheels into 
which are 



land to Eng- 
land, frozen 
all the way as 
hard as rock. 

On these 
cars and ships, 
as in the great 
cold-storage 
houses on 
land, every 
care is taken 
to keep out 
the heat. The 
rl(H)rs are all 
made a i r - 
tight, and the 
walls arc lined 
with cork or' 
mineral wool; 
while dead air 
sj>aces are al- 
so left! )el ween 
ihe walls. In 
a word, a cold- 
storage ])Ianl 
is just like an 
n^oimous ke 
box. A n (1 
down in the 


loaded a few is what happens inside your electric refrigerator. Liquid Freon- 12 gas basement a 
f ^ which is shown here by dark shading- is stored under pressure in the . . 

ions ol ice. receiver (14) at the bottom of the refrigerator, and is supplied through pump is al- 
Now' most of long tube (2) to the cooling coils at the top of the refrigerator (i). On uavs <;endinir 
x^u surface of the liquid in the cooling coUs is a float (3) which controls a ^ 

t n C m are valve (^ 4 ) that shuts off the supply of liquid when enough has flowed into cold brine 
themselves The Uquid Freon-u su ebeorbs heet veiy quickly from fte through all 

air in the refrigerator, and part of the hquid so heated turns to gas. This ^ 

great ref rig- gas, laden with heat which has been taken out of the air in the refrigerator, the storage 
prq finer nlnniQ Collects in the top of the coil until the pressure of it there is transmitted 
eraimg pianis ••suction line” tube (8) and closes a switch (5) on the eiectric ^eep- 

mechanically motor (6). The motor starts working and operates the compressor (7), ing them SO 
which begins pumping the heat-laden gas out of the coil (1) and down the 
c Kiico. suction line (8) into the crankcase (o). From there the compressor pistons 

Ice has nev- (^) force it up through a valve (11) and out into the condenser coils (12). men working 
nr Knnn w gfootly compressod in the condenser coils makes the . 

er been very g^t warm there; but the coils are cooled by the fly-wheel fan (la}* need 

useful for car- the compressed gas, freed of its heat in this way, turns back to liquid the warmest 
Frcon-X2 gas again and flows 'down into the tank it started from, at the . . 

rymg toocl bottom, this way the turning of liquid Freon-12 to gas continually Clothes even 
across oceans, carries the heat out of that part of the refrigerator where the food is kept, tJie middle 

U .ii I . and the electric motor serves to free the gas of its heat and turn it to liquid . _ , 

Will melt again. of July. 

before the boat gets over the sea. So the big Kitchen ice boxes, too, were built to keep 

boats carry a regular icing plant instead. Only out the heat, and to make the precious ice in- 

the brine in the boats is not used to make side last as long as possible while it ke])t 

ice, for that is not wanted. The brine everything cold. But the old-style ice box 

L- is almost a thing of the past. We now have 


merely flows through pipes around the bot 
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I'hoto (ourtf<M\ I w IrrmtfNl Food! 


Packages of pc«b aiu i^oing into a frosting unit for quick- 
freezing a relatively new method of refrigeration. For 
many foods it is better than canning, since health-giving 

our little iie niadiincs in the home to chill 
the rclri^eialoi . '1 hey do not pump am- 

monia and biine, as llu* big ones ome did. 
Instead llie\ toinmonU use Freon - 12 gas. 
whkh is odorless and non -poisonous. Some- 
times they run In ekelricilv, s<inietimes by 
a hot gas tlame. The\ make our ovmi little 
blocks ol ue an<l kee]) our food cold, too. 
We can even make ice cream in them. 

One of these days we ma> all be keeping 
our hou.ses cool in the suinmei, just as we 
keep them warm in the wintei. llieaters, 
big shops, and some houses aie now cooled 
in this w\'iy. Down in the basement there is 
an ice machine jnimping cold lirine through 
frosty w^hite coils of i)il)e, and omt the coiK 
some great fans are blowing strc*ams of air 
to cool it. 'Ihcn the cool air tlows up into 
the building. And even on the hottest day 
the air in such a building will feel fresh 
and comfortable. 

One of the most interesting refrigerants is 
what we call dry ice. It is not realK ice at 
all, for it is not frozen water, but a frozen 
gas the gas called carbon dioxide. When 
it “melts” away it does iu)l leave any mc.ss 
behind, but simply turns back into gas and 


vitamins and garden-fresh flavor and color are **locked 
in” by this interesting process. But to achieve its end 
the freezing must be accomplished very rapidly. 

floats off in the air Tt is far colder than 
ue 141 degrees tolder, tor its temperature 
is loc^ below zero lahrenheil. A pound ol 
it will do the woik of some fifteen jiounds of 
ke. so we can ship a large carton full of ice 
cream with a little package* of dr\ ice in- 
cluded. and h.ive it arri\e trozen harder than 
our oidinarv ice w'ould e\er freeze it. Some 
time \ou ma\ v.’anl to touch a piece ol dr\ 
ice to see how* cold it feels. But do not do 
M). It can injure your hancN badl\. 

Ver\ low* lemj)eratures are u^ecl in the 
newest form ol reliigeratuui, also. 'I'he 
jn'oees*, di'pencN upon ciuick freezing lv> 
pieseixe the fla\or and \itamin content of 
loods For when a ^ub''tance is liozen 
rapidly - sa\ , within twent\-li\e minutes, 
as in this proce'^s the ice cr\staF that result 
are so small that lhe\ do not break the cell 
w*alD badly. 1'he frev/ing machine i*^ often 
taken to the source of suppl> , where the 
fruit, mi'al, or vegetable.s are frozen while 
they are absolutely fresh. The industry also 
maintains thousands of cold-locker plants, 
many of them ccnipcrative. where for a 
modest sum one ma> rent a looker in which 
to store summer food'' for winter use. 
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Reading Unit 
No. 23 


UNDER THE OCEAN WAVE 

Note: For basic mjormatiou For statistical and current jacts, 

not found on this page, consult consult the Ri( hards Year Book 
the general Index, Vol. /j. Index. 

Interesting Pacts Explained 

The kind of outfit divers use How far down divers have Kone, 

when at work, 10 >22 10 526 

What the suit and helmet are like, What a divinp bell is like, 10 525- 
10-522 26 

The diver's telephone, 10 522 How far down Beebe went in his 

Why divers must come up very diving bell, 10 526 
slowly, 10-524 

Things to Think About 

Why miFt the diver be an iron- ri^ht amount of air in his suit? 
worker, carpenter, and all- Why does a flivor who has l)een 

round mechanic? down iwo hundred feel neerl 

How does a diver keep just the to take two hours to come u|)? 

Related Material 

Why is compressed air used in of the sea? 3 162-64 

building tunnels? i 461-62 What uses are marie of com- 
How are tunnels built? 10-205-7 pressed air.-' i 462-1)5 
Why is it not possible to work ' Why rio our ears close in a tun- 
very far below the surface of nel’-* 2 504 

a river? i 366-67 Why rioes water mo\e \ery slowly 

How are sponges gathered? 3- at the bottom of the ocean? i- 

87 67 

How are our pearls brought out 

Practical Applications 

What made it possible tf) get back What devices enaide the diver to 
most of the gold that went explore the water world? 10- 
down when the “Laurentic’' 525 

sank? 10-524 

Leisure-time Activities 

PROJECT NO. i: Make a I»R()jEC' 1 ' NO. 2: Read Dr. 
model of a diving bell, 10 525 Beebe’s book “Half Mile Down.” 
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It I V K V •« r « \ u M < 

This strange haul consists of four divers, sailors in the go down to the ocean’s floor They are learning the 

British Nav> who are being trained at Portsmouth to most dangerous of all the world’s occupations 


UNDER the OCEAN WAVE 

Where the Bold Diver Goes Hunting in the Watery 
Dark for Sunken Treasure 

T TS all very fine lo lake a flying leap they are looking for treasure. For on the 
oiT the bank and split the water for floor of the sea lies main a gallant ship that 
ten fwt or so- -but supixisc \ou had went down in a war or in an accident In 
to go on down two hundred fwl farther, the real depths it will rest in peace, but in 
how would you feel about it? shallower waters the dners inav get to it 

Dowm there it would be dark and cold. It may still be earning a great sum of gold 
and the two hundred feet of water o\ei >ou that they can rescue, c^r it ma> e\cn be 
would be very heavy. And if \ou started brought up from the bottom to sail the sea 
up to the surface for a breath, you would once more 

drowm before you got thcie So if >ou were For these and other leasons, men ha\e 
going so far dowm, you would need a stwial been going down tar below the wa\es c\er 
sort of suit to keep you alive. since ancient times Alexandei the Great 

Yet people do go down as far as that, and once went down to sc*e what it was like 
farther still. Sometimes tliey do it just And of course they had some sort of special 
for fun, or just to see the sights. Oftener suit to wear. But it w'as only in the past 
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century that we reached the kind of outfit 
that is now used wherever the bold divers 
are at work. Wliat is the outfit like? 

In tlie first place there is the diving suit. 
It is like a great baggy set 


great hurry if he has sent up that kind o 
signal. 

Of course he has some kind of light, Jim 
probably a very powerful electric one. An( 
finally he takes down an^ 


of overalls, ma<lc of stout 
cloth lined with rubber to 
keep out the water. At 
the wrists it fits so tighlh 
that no drop can gel 
through. And around the 
neck it has a metal collar 
on which the helmet fits. 

The helmet is a brass 
globe with a wimlow of 
thick glass on each side 
and in front. When it i$ 
screwed down on the col- 
lar it is water-tight. In- 
side there is a teleidione 
with a bell button which 
the diver may press with 
his chin. Ami at the back 
is a stout rubber hose 
which brings dowm fresh 
air and also carries the 
telejdione wires. 

On the diver’s feet are 
the heaviest shoes in the 
w orld. They are weighted 
with iron and they weigh 
about thirty pounds. 



tools that he may ncc( 
for the particular kind o 
work at hand. 

And now that he is al 
dressed, we may lowe 
him beneath the waves 
It takes a brave man t( 
go down there all alone 
The sea creatures flocl 
jiTound him, dniwn hy hi 
light, ami some of then 
aie anything but ])leasan 
\isitors. And it is loneb 
w^oik looking around fo 
ti wieck on the bottom o 
the ocean. 

If he finds it, he ( lam 
beis on deck and bc'giii 
to e\p]ort\ Is there . 
door that will oj)en.'^ I 
so, he must make sure i 
s/(/ys open, and does no 
slam togc‘ther to cut ol 
his air. In fa(t, he i 
going to find it han 
(‘Hough to drag his ai 
line and his life Iin< 


Over his shoulders are 


, , . . I'hcito li> K<v«Tom Virtin ( „ • 1 r .1 i 

slung two other weights, Qb. of the most dangerous features of deep-sea 

about forty pounds diving is the coming up. The diver’s body grows still keep tlumi alway 

nrn'pr-p nne on rhpv.f pressure of the water over- i 

apiece, one on nis cnest cannot adjust itself quickly to the ^**-^'*^* 

and the other on his bjick. lighter pressure at the surface. A man who In a dangerous searcl 

^ • 1 • has been down to a depth of two hundred feet i i 

ror there is so much air needs to take an hour to come up; otherwise he may hav'c* a compan 

inside his outfit that he •‘■T® • •»<* disease and for a iiig pien 

, , ^ ... ... called the bends. The device shown above is . ' , ^ ‘ 

would lloat like a cork if planned to do away with this danger, and to of work even a goo( 

he not have Ihete ”'>/■ “e may nc« 

weights to take him dowm and consists of a great diving bell, or small help to dear away th< 

below. Ind^l,hehasa and get int. 

valve in his collar by oxygen to help in the removal of the nitrogen the strong room for th< 
which he am keep just i'SS'. ^ 

the right amount of air trically heated by wires insulated between two lUlt his best help may b 
in his suit; so on the floor Uyers of fibergUs cloth. oxyhydrogen tore! 


ihiough the winding coi 
ridors of the wreck an( 


of the sea he gets along well enough in his 
heavy shoes. 

He carries down a ‘‘life line’* for safety. 
With this he can give signals to the people 
up above, and can be pulled uj) again — in a 


that will cut through steel down below jus 
as we see it doing ever so often up on earth 
So the (liver has to be an ironworker, cat 
[jenter, and all-around mechanic. In fad 
to raise a whole boat he must be a bit of ai 
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Tourist accommodations for deep-sea traveling! At can go much deeper than the tube Next is an under- 

the left 18 a diving tube, with a chamber at the end sea tractor, to clamber over the ocean floor with an 

m which one may sit and watch the sea world swim observer inside In the lower comers are a diving 

by* To the right of the tube is a diving bell, which sled and a diver in ordinary deep-sea costume. 


5 ’> 



THE STORY OF DIVING 


engineer. For he must 
tunnel beneath it, and 
pass chains around it 
that will pull it up. lie 
does his tunneling \vith 
water. For a great hose 
comes down from above 
and shoots such a strong 
stream into the mud 
under the ship that a 
tunnel is soon cut 
through. It must l>e 
muddy work I 

No diver can stay 
down vcr>' long, but the 
time depends largely on 
how deep he is. At a 
depth of two bundled 
feet, the weight or pres- 
sure of the water over 
him is about a hundred 
tons, and he rarely en- 
dures that for more than 
half an hour. But w'hcn 
he starts to come up. he 
takes an hour to do it! 
He goes up a little way 
and then waits for ten or 
fifteen minutes; then a 
little further, with an- 
other wait; and so on to 
the top. 

The reason is that it 
takes time for him to get 
used to the lighter pres- 
sure. When the fish from 
far down in the sea are 
brought up to the sur- 
face they often explode 
because the great pres- 
sure to w'hich they have 
been used is sucklenly re- 
moved. The diver docs 
not explode — he cannot 
go way down where those 
fish live — but he may 
suffer something nearly 
as bad. For when he 
goes down the pressure 
fills his blood with nitro- 
gen; and as he comes 
back up, he can get rid 



rbvto by Kayctoue Vww Cu 


of this only very slowly. 
So he must come up 
.slowly. If not, he is 
likely to get the terrible 
di.sca.se that divers call 
(he “bends,” which is 
always very painful and 
often fatal. 

When he has to come 
up in a hurry, on account 
of some accident, he can 
still be put into a tank 
under a strong pressure 
that is gradually re- 
moved. 

"I here are steel diving 
suits tliat are built to 
take the pressiue olT the 
divei They look like 
gieal swollen iron men, 
with clamps for hands; 
and the diver works the 
clamjis from inside. Of 
cour.se these suits .ire 
more cumbrous, Init they 
are safer in very (1(‘('[) 
water. There are also 
suits that cany no air 
line, but a t»'ink of o\\ gen 
fo! the duw to breathe 
instead. 

In both World W.irs 
many a ship went to the 
bottom at the touch of a 
torpedo. Sometimes it 
was carrying a vast foi- 
tune in gold. Thus the 
“ Laurent ic” sank with 
^25,000,000 in her strong 
room. But she went 
downi in only 135 feet of 
water; an<l in time the 
divers brought up nearly 
all the treasure. Other 

This daring diver is exploring 
a ship in ago feet of water, a 
terrible derth for the human 
body to endure. But when he 
ascends, he wiU enter the de- 
compression chamber some 
two hundred feet above him, 
and there get over the bodily 
effects of working so long with 
such an enormous weight of 
water on top of him. 
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Photoa by InUrnational N«wii Aiiiertoan Muaeum of Natural liiaior> , and Eoyatone \ low OOi 


Above is the deep-sea tractor or tank, in which a 
diver can go exploring in the water world. The port- 
holes let him see what is going on about him. 


This diver is all ready to take his life in his hand and 
go down into the sea, where he cannot live for more 
than five minutes if his apparatus goes wrong. 
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I'huto by U. a. Mavy, aiid Deiitacben. 


In the Urge picture above you see a diver in the United 
States Navy about to make a descent. Before he goes 
under the water he will close the door in his helmet, 
which, as you see, is made of metal and can withstand 

divers have been much farther down. The 
record for divers who make a descent directly 
from the surface in collajisible diver’s dress is 
held by Max Nohl, who went down 420 feet 
in Lake Michigan. He carried oxygeii and 
helium, for helium helps prevent the bends. 

A great deal of less heroic but no less 
useful work is done by divers nearer to the 
surface. And of course a few men have 
been down far deeper than the record given 
a moment ago. But they were not true 


a heavy pressure. In the inset is shown the strange, 
stovelike affair that has been designed for very deep 
diving. It has powerful “headlights,” and its metal 
“hands” are operated by machinery inside the dress. 

divers. They WTre in some sort of “diving 
bell,” and a diving bell is a great box or 
ball of metal in which you can be let down 
into the ocean. The device in which Dr. 
William Beebe and Otis Barton went down 
more than a half mile in 1934 was called a 
bathysphere. It was in 1949 that Barton set 
the record of 4,500 feet in a bcnthoscopc 
weighing 7,000 pounds. It was designed to 
go to the ocean bottom, while the bathy- 
sfihtrc was meant to go only part way. 
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Reading Unit 
No. 24 


HOW WE MAKE THE DESERTS BLOOM 

\i)t(: For htiSK in format ion For statistical and current jacts 

not found on this pof^r, consult consult the Richards Year Book 
the f^rncral Index, \'oL /j. Index, 

Interestinfi Facts Explained 

How the cTojis in the Nile valley Why America has built great 
have been watered from ear- dams. lo 531 
liest times, 10 528-29 Measuring the amount of water 

How the science of irrigation has the rancher uses. 10 532-53 
spread, 10 529 How water gets into the irrigation 

Dry deserts, where tall cactus ditches. 10 532-33 

jdants stood sentinel, 10 530 Where gardens are being made 
How water was first lifted out of out of barren deserts. 10-533 
riveis, 10 529-^0 

Things to Think About 

Why must the rancher be some- States has been saved, and in 

thing of an engineer as well as what part of the country are 

a farmer? the biggest dams found? 

W hat |xirt does the dam play in W hat important work does the 
iriigation? Bureau of Reclamation have 

How much land in the United to do? 

Picture Hunt 

W hat kinds of devices for getting W’hat methods of irrigation are 
water were used in Persia and used to-day? 10-528, 530-33 
Kgypt^^ 10 529, 532 

Related Material 

How does Nature protect plants marshy areas? 4-100-11 
so that they can live in the How is land irrigated in Holland? 
desert? 2-203-7 6-352 

How does the stem of a plant How does rainfall affect plant 
take water and mineral sub- life? 2 193, 197 
stances from the root to the How is water pumped great dis- 
leaves? 2-28-33 tances? 1-404-65,10-537-38, 

What kinds of birds live in 541 

Practical Applications 

Howms dry land reclaimed? 10- cern on irrigated ranches in 
528, S33 California or Idaho? 10- S 3 I- 

What problems cause most con- 33 
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Fh >tu b> I iVpt of l«|rtcul(ure 


This great arc of masonry is the Roosevelt Dam, in 
Arizona. The reason for Its being curved m this way 
IS that it thus offers more resistance to the tremendous 
pressure of the water above it There is a spillway 
on each side to let some of the water past, and dis- 
charge pipes, which we can see m operation. In the 


great reservoir above the dam, it has bcei saii, is 
enouch water to cover the whole state of Delaware 
a foot deep The Roosevelt Dam is, of course, named 
after Theodore Roosevelt, who as president did more 
than any other one man ever did to help ^^reclamation'* 
m America. He himself opened the dim in igzi 


HOW WE MAKE the DESERTS BLOOM 

This Is the Story of the Way We Carry Water to the Rainiess Areas 
of the World and Make the Dry Lands Wave with Green 


0 AVE you ever watered the garden 
With a watering can, or tried to man- 
age the hose on the front lawn? 
Then }ou know how thirstil> the grass and 
flowers drink up the moisture in a dry sum- 
mer But suppose you had a whole big field 
of corn or cotton to water. If you worked 
dll day with a garden hose you could sprinkle 
onlv part of it, even if you had plent> of 
water to draw upon \nd often there is no 
water at hand So usually the farmers just 
wait for ram 

Yet there are parts of the world — ^as you 
know very well if you happen to live in one 
of them — where so little rain falls that the 
crops would wither and die waiting for it. 
At the same time, these may be very pleasant 
places in which to live, with their long weeks 


of sunshine and tluir fertile soil Ihe onl\ 
thing lacking is watc r 

So for four thousand jears or mou, men 
have been working at wa\s to bring water 
to the ekserts and m.ike themi “blossom like 
the rose ” We call this process “irrigating * 
(Ir'i gat) the land, which is onh a more 
technical word for “watering^’ it Almost 
cver> country >ou c.in think of has some 
land under irrigation (ir'i ga'shun) to-day 
IhcTO arc some hundred million acres m 
the United States alone. 

From the very earliest times of which we 
have any knowledge, all the crops in the 
fertile valley of the Nile have been watered 
by irrigation. Every year the great river 
rises in flood, and for centuries the waters 
were allowed to spread out all over the farm 
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lands. The llood waters brought with them There were other simple devices. He 
<i rich silt from iij) the river and left it to might attach an endless chain of buckets 

make the land more fertile; at the same time to a wheel, and arrange the wheel so that it 

,enough moisture soaked into the ground to could be turned by an ox or an ass walking 

last through the season for planting and around and around. The cleverest way of 

growing w^heat. And where the waters would all was the Archimedes (ar'ki-me'dez) screw, 

not naturally have spread, they were led by A long cylinder was laid on an incline that 

canals and then spilled out into had its lower end in the water, 

other basins or valle\'S, to \va- ' v and inside the cylinder was a 

Icr the grain. Ihus the ^ long screwdike contri- 

valley of the Nile, where vance, which was turned 

rain practically never / ^ with a crank. This re- 
falls, became one of vclving screw* scoeped 

I he most fertile and ^ \ w*ater out of the 

powerful kingdoms passed it 

of the aiK ient w'orld, up and up through 

“granary^^ of the t\ ^ much as if the wa- 

R(tniaii empire. ter were going 

Hut the 

irainc'doiTand the these devices for 

this day. 

But if you jour- 
neyed up the Nile 
■ to-day, you would 
see few farmers 
i: trying to irrigate 
j their lands with 
any such crude in- 
s struments as 
thcK\ There are 
power pumps, of 

there WH*re no course, which will 

, .urnps to lifl It i ;) ^ lift al the ater 

How was one to both still used in the Orient. Above is an Egyptian shtdoof, needed irom tri 

l!i't it to the land? wgrWng of which is described in to story. Below is a rj^er below. Lc- 
I 11 Lv» I lie laiiui Persian device using a wheel and leathern buckets. 

One very simple sides, a whole sys- 


Hut 

w hen 

the 

llood 

waters 

had 

Iraine 

d oil and the 

1 i \ e r 
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back 
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device w'as to take a wewden pole and balance 
it at the meeting of two slanting posts or 
over the crossbar between iht'm. At one 
end our Egyptian would hang a skin vessel 
to dip up the w^ater; at the other he w'ould 
fasten a stone or lump of clay heavy enough 
to swing the full waterskin into the air, 
where it could be emptied into a trough 
leading off among the row*s of wheat. Then 
he would pull dow^n on the pole and lower 
the empty skin into the water for another 
. bucketful 


sides, a whole sys- 
tem of dams and reservoirs and canals has 
been worked out, so that the flood waters 
may be used anywhere and at any time the\ 
are wanted. One of the greatest dams in the 
world is at Asw'an (ii-swiin') in Eg>pt. 

For the science of irrigation has been 
spreading and developing ever since these 
ancient days four thousand years ago, when 
it apjxrared in Eg>’pt. Even in very carl\* 
times the peojde along the Tigris and Eu- 
phrates rivers probably had some sort of 
irrigating system. The idea may have been 





Photo by U. S. Dept, of Asriculture 


MUe after mile, the desert lay dry and burning in the tall» fantastic cactus plants stood sentinel over it» 
the auiii Parched desert vegetation grew on it, and like ghosts of strange, prehistoric monsters. 



Then someone built a great dam many miles awav In out over the desert in tiny rills. Then someone planted 
the mountains, and guided the waters thxouah long fruit trees, and they took root and grew. And now 
canals and big flumes and smaller flumes nntU it can the desert has burst into bloomi 
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brought to Europe by the Moors, when they 
conquered Spain. That is more than twelve 
centuries ago. Eut it is only very recently 
that modern engineering has made irriga- 
tion so simple and sure that it grows crops 
better than ordinary rain does. 

The first problem is still 
to lift the water up, be- 
cause when it is once ^ 5 ^ 
lifted high* enough it 
will flow downhill 
nat urally and ca n 
be guided over A'j 
the land. Tf a { 
farmer lives near i 
a river, he may 
still get the water 
right out of the 
river itself; in the 
United States there are 
a great many irrigation 
so big 

thousands of horse 
power, others so small 
that a little gasoline 
engine can run them. 

Water i)uniped up 

tJiis Wiiy— how much S 

easier than pulling on a ^ JfT 

jiole or belaboring a 

])oor o\! may be fed 

into the small ditches 

.•in<lrunnds,amlguick‘(l Coolid 

over the fields. above — has turned thou 



during the dry summer, whenever it is 
wanted. These lakes are called reservoirs. 

Of course it costs a great deal of money 
to build the tremendous dams and reservoirs 
and all the canals and flumes. In the United 
States, many hundreds of mil- 
lions of dollars have been 
spent on irrigation. 
Quite a large part 
of the work has been 
done either by 

! corporations or 
by cooperative 
societies of the 
farmers or ranch- 
ers who use the 
water. But the 
very biggest proj- 
y ects have been 
managed by the gov- 
ernment. It built, 
for instance, the 
' Elephant Butte Dam 
in New Mexico, the 
Roosevelt Dam in Ari- 
* /ona, and the Arrow- 
i nx'k Dam in Idaho; its 
^ finest achievements are 
, Hoover Dam on the 
* Colorado River in Ne- 

4i 

^ vada, Grand Coulee 
1 Dam on the Columbia 
.Ssjk .■fr&f.sL A in Washington, and 

. Shasta Dam on the 







The witer from Coolidge Dam, Arizona shown i-'aiii uu uk 

above -has turned thousands of arid acres into Sacramento in Calif or- 


ri . r. lU* fertile farms through a system of irrigation canals 

But very often this shown below. nia. 


cheap and easy way of 
irrigating is not possible. Then the first 
step is to build a dam across a big river high 
up above the lands to be irrigated, A dam, of 
course, raises the water aliovc it still higher, 
and the water can be led off into canals. 
1'hese take it to smaller canals or flumes, 
and these too branch out, and so on until it 
runs out into the tiny grooves or runnels 
between the trees or plants in the fields. 
I'hc great dams arc made with sluiceways, 
gates or outlets which can be opened or shut, 
and in this way the flow of the w'ater can be 
regulated. Often artificial lakes are formed 
above the dams, and in them water is stored 
during flood season and let out gradually 


like that shown below. At W ashing ton 

there is a Bureau of 
the first Reclamation to l(H)k after these things. Is 

ver high that not a good name for a bureau to have 

dam, of — “reclamation'* (ri^k'la-ma'shiin), which 

1 higher, means “reclaiming’* or “saving"? TheBureau 

i canals. lias reclaimed millions of acres of land. 

flumes, But if you suppose that when the water is 
i until it brought to the farm or ranch there is nothing 
runnels more to be done about it, you are very much 
le fields, mtelaken. Indeed, if you happen to live on 
iceways, an irrigated ranch in California or Idaho, 
or shut, you will already be smiling at such an idea. 

?r can be On such a ranch the talk is not about whether 

i formed the wheat is getting enough rain or whether 

is stored there will be a storm to spoil the hay; rather 
;radually it is about the high price of water, and 



IRIUGATION 



How many superlatives we should need to describe 
Hoover Dam on the Colorado River! It is the highest 
dam in the world; its reservoir is the world’s largest 
artificial lake; in every way the work is stupendous, as 
the diagram shows. This great irrigation project 


waters almost two million acres, including Imperial 
Valley in California. But most amazing and heartening 
of all is the fact that this is only the beginning of the 
marvels to be achieved by man's cooperation. Millions 
of people working together can perform miracles. 


■ '1 



l*hoto by Jaidm'b Prim Asency 


Though Egypt has been an irrigated country from the 
dawn of history, it is only during the last century that 
she has had a system which gave the land enough 
water all the time without ever flooding it. The British 
are largely responsible for the new system, which they 
introduced primarily to make it possible to grow cotton. 


Its very heart and center is the huge Aswan Dam at 
the First Cataract of the Nile. This great engineering 
achievement, shown in our picture, was completed in 
1902 and made higher in 19x2. The dam is nearly 
miles long. When the sluices are closed, the 
water gathers into a lake 200 miles long. 
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l>\ I Ml >«» Ml Ilf* 

To irrigate this Texas cotton plantation sections of 
flexible*rubber hose are used to syPhon 
cotton held from a mam 

a flow of water which can be regulated and dircctea m 
J ordmg to need. The hoses are light enough to be 


wlifthci the main llunif ntrds rcpairmK. ^ 
how hatd it i'’ to got the w.itor not to flood 
in Iho uoitlv hollo'v and loa\o the sovitli rise 
,lr> I'oi of course the rancher has to jiay 
(or his water, since it costs so much to get it 
to liim Clever wavs have been w orketl out 
to measure the amount he is allowed to have 
ami the amount he actually uses and has to 
pa> for. .\nd the main care of our rancher 
is to see that his precious water is used m 
exactly the way in which it will do the most 

COOll 

I'hcrc ^^ill be a c,vnal or a ^^oocU*n or con- 
Crete flume running somewhere near our 
ranch, and somewheie along it will In- a 
sluiceway, through which our suppK “I 
water comes into our own irrigation ditches. 
These ditches have to be laid out m just the 
right directions, so that the little runnds 
they feed will not be trving to run uphill. 
Often much work has to he done in leveling 
the fields to let the water run all over them. 
The rancher has to be something of an en- 
gineer as well as a farmer. 

While the water is flowing, men have to 
be working all the time clearing away cMs 
and hummocks, guiding the water, seeing 
that enough of it gets everywhere am not 
too much of its gets anywhere. Vml our 


rarned eAsilv froiii place to place. In order to start 
the siphoi^lorlung the entire hose is “*•* *'* 

While one end is kept in the water, the other eno is 
covered by the hand and carefully placed in ^ 

Ih.t It IS lower than the level of the water in the ditch. 


lanther has to know juM how much walei 
his particular tro]> need^. ami how often. 
For instance-, altafa need- to hiue the whole 
field flooded and then drained again. Orange 
and lemon trees nec-d less water than {w- 
tatcK-,. And as for ncc. it litcraUj grows in 
water. That is wh> rice i- irrigated even 
when there is heiuv rainfall In the United 
Slates, there arc over a million acres of ir- 
rigated rue field- in Louisiana and Arkan- 
sas, where it rains neail> ccc-rv da\ . 

1 he f.unui sliould know just what kind of 
-oil he h.i- to iriigatc. too H the soil i- 
tightU paiked. he will let the water in very 
slowK ami over a long pcriotl of lime ll it 
i- loose, -o that the water soaks in rapidlv . 
he will let the water in faster and the irnga- 
1,011 period will be shorter. Some of the 
water alwav s evaporates. 

Thus in many regions of the world men 
arc making gardens out of barren deserts. 
India, with her starving millions, has re- 
sorted to irrigation to feed them. Russia. 
Japan, and Kgvpt have vast irrigated tracts 
France and Italy and Spain have several 
million acres apiece. Rice and golden gram 
and rosy-chceked apples sprout and flourish 
where once there were only sagebrush and 
prickly cactus. 
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Reading Unit 
No. 25 


HOW A CITY GETS ITS WATER 

Xotv: For hash information For statisthal and current facts ^ 
not found on this page, consult consult the Richards Year Rook * 
the general Index, Vol, 75. Index. 

Interesting Facts Explained 

The amount of water each Amer- side of streams, 10 ^^7 

iran uses every day, 10 Why artificial lakes r)f water are 

How’ the Romans brouj^ht a pien- called ' reservoirs,” 10 

tiful water supply to their Why our water supply has to be 
cities, 10-537 pure, 10 542 

Why towms were built on either How our water is |)inified 10 S4^ 

Things to Think About 

Why do we build towns near lakes Why are watei -sui)i)l\ \\ stems 
and rivers.-* very expensive-* 

How did the Romans use ^raviU How* does our water ''UppK afled 
to get the w'ater to their cities’-* our health^ 

Picture Hunt 

How is a large volume of water How is pine w.iter (arri(‘d at loss 
carried across mountainous riveis ami b«iNs-* 10 5^8 

country? 10 536, 541 

R elated M aterial 

Why shouhi we drink plenty of , blood ^ 2 Us 

water? 2-420 Win does the presence of algae 

What precautions should campers in our water make it taste un- 
take against bad water ^ 14 pleasant? 2 68 

554, 556 How do pumps work-* i 464-65 

Why is water an excellent fire Which water-borne bacteria cause 
extingui.sher? 1-385 disease? 2 12-21 

How much water is there in our Why do we persiure.’* 2-29^ 

Practical Applications 

How does a city get its water How is water distributed in a 
supply? 10-535-41 large city? 10 539 

Leisure-time Activities 

PROJECT NO. t: Visit your muddy water clear by allowing 
city’s water-supply plant. the sediment to fall to the bottom, 

PROJECT NO 2: Make some i 49 

Summary Statement 

Because we must have pure install various means of removing 

drinking water, our cities build harmful materials and living or- 

reservoirs and pipe systems to ganisms from the water before it 

give us our supply, and they also reaches us. 
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Most of the aqueductB — as well as all of the roads— 
led to Rome I A Roman official of 37 A.D. writes 
that there were nine aqueducts in use in his time, all 
of them built, in various periods, to supply the great 
dty with water. That meant over three hundred miles 
of pipes and conduits. One of the nine, the Aqua 
Claudia, is shown here. Nothing is left of it now but 
an imposing ruin. Once, however, it was some forty- 
five miles long. The water flowed below ground foi 
about thirty-five miles and was carried the rest of the 
way on the great arches you see here. 



Ptiuiu I V ( Imulldumr lluiiif* 


HOW a CITY GETS ITS WATER 

Do You Know That Every Person in Town Needs About a Hun- 
dred Gallons of Water a Day? What Do You Think He Does 
with It? And How Does It All Come to Himt 


IIENEVER you go camping in the 
forest or mountains, you pitch \our 
lent beside a. St ream or spring or lake. 
If \ ou started to build a house in an unsettled 
country, \ou ^^ould try to place it near \Nater; 
otherwise, about the first thing you ^^ould 
do would be to dig a well. Just so, if you 
were planning a town or city, you wcmld 
think at once about the water supply. We 
simply cannot live without water. Ameri- 
cans, in fact, use some hundred gallons of it 
apiece every day of their lives. 

Now if you take a bath every day you 
cannot use up more than about ten gallons 
a day in that way, and you wdll hardly drink 
more than tw’o quarts. Of course you wash 
your hands a good deal, usually under a 
stream of running water most of which you 
never use at all; and there is a good deal of 


boiling and w^ashing of clothes and vegetables 
and other things going on in the kitchen 
But we could never come near that hundred- 
gallon murk if these w^ere our only uses for 
water. 

A great deal of the rest is simply wasted 
Water mains leak, and so do faucets. How 
many times have you lain awake in the night 
and counted the drip-dripMirip of water drop- 
ping into a sink or bowd? Besides, we never 
think anything about letting a faucet run 
hard ancl long — is there not always more 
water where this came from? In some cities 
water meters are set like so many watch dogs 
to measure w'hat wt use, and every month a 
bill comes around. And in those towms the 
amount of water each person uses magically 
drops to less than half! 

Yet the city itself uses up a good share of 
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Photo by Loa Anivlea ( alif C c f C 

This 18 a section of the great pipe line which travels water to the great city of Los Angeles, in California 

many miles over mountam and valley to brmg pure One wonders what the Romans would t h i nk of it. 

our hundred gallons — to wash or sprinkle parks And laundries and factories use a 

the streets, flush the sewers, put out fires, great deal of it, too, and plants for making 

and make the grass and flowers grow in the ice, and a hundred other things 



HOW A CITY GETS ITS WATER 


Now just sui)posc that instead of merely 
turning on a tap you had to carry water from 
a river half a mile away, or pull up a heavy 
bucket from a well! Yet it is only in very 
modern times that i)umps and pipes and 
dams have done all this work for us. 

In the long ago, to be sure, streams were 
made to flow through royal gardens and 
water was piped to royal fountains. 

'There wer^' no pumps, and no steel 

or iron pipes; but pipes could be w|Hj|||| 

made of lead or hollow logs, 

and pumps are not needed ^ 

if you can arrange for 

your water to flow 

downhill. So barba- \ ^ 

rian kings could listen 

splashings of fountains , 
in their courtyards, » 
and barbarian j)rin- ^ 

could walk 

cooling water. * ~ 

llutasforordi- \ 


I'liulii i \ \ 1 •iurution 


we-dflkt) by w’hich they brought it down 
from the distant mountains were almost as 
famous as Roman bridges and roads. Only 
the very wealthiest citizens could afford to 
have it piped into their houses, but there 
were huge public baths which the citizens 

f could enjoy, and numer- 
ous public fountains. 

Tn those days, and 
all down through the 
Middle Ages, the safety 
of a town often de- 
pended on its w^ater 
supply. For if an enemy 
sat down around the 
walls, the besieged peo- 
ple could holfl out only 
so long as they had wha- 
ler. If the enemy should 
somehow' cut off the 
supj)ly there w’ould be 
nothing for it but to sur- 
render. This w’as one 
1 more good reason for 
setting a towm across a 
stream — then the W'ater 


nary people, they w'ere lucky if Here is a water carrier of Egypt, was sate inside the guarding 
tlHTCwa5.aMrcani(.ra wdlm)t bend'^«r'“i 5 id*let*the"w«M 

loo far away. Xo daily baths come pouring out of the jug on By the opening of the seven- 
r .1 I 1 his back. . 'i £ 4 


for them I Rather the housew ife 
must gi) every day to the village well with 
her buckets or waterskins, and her earthen 
vessel on her head. Do you remember the 
])retty story, told in the Book of Cienesis, of 
how the lovely Rebekah was w' 0 (K*d as she 
drew water at such a welD Xor was the 
village pump of our own great-grandmothers’ 
day much more conveniefU. 

The Romans learned how to bring plentiful 
water to their 
cities. The 
great aque 
ducts (ik' 


: of the jug on By the opening of the seven- 
le(‘nih century w'o begin first 
to hear of pumps and restTvoirs. things 
that sound like nuxlern w’aterworks. 4'\bout 
that tinit a jHimp began to lift water from 
the Seine tor the iXM)plc of Paris. The 
joyful citizens named it “La Saniaritaine” 
after th(’ Samaritan woman who talked with 
Jesus as .she drew water from a well. In 
London the first reservoirs w'ere built in i()oq. 
Since then we have come on pretty fast 
toward our hundred gallons a day. 

There arc two ways to get this water to us. 



Tank wagons like this 
one travel many miles 
to bring water to 
Chitre, in Panama. 


Photo li> PrntHo-rhoto Srrvicp, Berlin 
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HOW A CITY GETS ITS WATER 



Hills and Yalleys arc but a few of the engineer’s proln streams The boat to the right is scooping out t 

lema in building an aqueduct Often the water, m its trench in the bed of the Hudson River Through it i 

journey trom reservoir to city, must cross nvers and pipe line will be laid to New York City 


The older and simpler — that used b> the 
ivomans — is by means of gra\it\ (grav'i tlj 
Ihe engineers select a clear and constant 
stream in the hills as near as ma\ be to the 
tovvn, and build a dam across it to catch the 
water Above the dam tlie water spreads* 
out into an artificial lake, called a “reservoir ’ 
(rfiz'er-vwor) because it “reserves,'' or stores 
the water. From the reser\oir the water is 
led away by a huge pipe, called an aqueduct 
after those built bv the Romans It flows 
in this wa> down from the hills into smaller 
reservoirs, which in their turn feed the supply 
mams or chief pipes in the tow n I here are 
supph mams under almost c\cr\ nty street, 
and small pipes branch off from them at 
every house or other building \s >ou have 
guessed, we call this a gravity system Iwcausc 
the water runs downhill all the wa> , and so 
the pressure is all a result of the force of 
gravity, which pulls the water down 

But sometimes a city has no hills on which 
the engineers can build a reservoir Then 
they must pump the water up, from river or 
lake if It is handv, or from deep wells Some- 
times they pump it right into the supply 


mams Some limes thc\ slou it m a guv 
towerlike tank called i si indjiipi , fiom whiil 
It can flow down into the niiins b\ gravity 
as well as if the tank were on n hill 

Our Water Costs Us Milhons 

All this sounds simjile enough, but it r 
really a great deal of woik and hugcK e\ 
pe nsi\ c I he cost of \ e w \ ork C it\ 's I )f 1 1 
wire aqueduct and rtstr\oirs is estinntei 
at $scx>,oooooo Chieago spends million' 
pumping w lie r out of f ike Miehigin 1 o' 
\ngtlts sjient S2c;, 000,000 for one rcservoii 
and aciucduet and put $200,000,000 mte 
another There are so man\ diflicult thing: 
to do that the work Ix'come^s ver} exi^nsive 
Reservoirs have to Ik built or pumping sta 
tions erected, thousands of miles of pip< 
have to be laid, tunnels must lie driven m thi 
rock, and siphons made to shoot the watc 
down and then up again under rivers Tc 
supply New York, there is a water tunne 
fifteen feet in diameter, driven through solic 
rock from three to seven hundred feet belov 
the surface, and m 1032 another tunnel hd< 
to be built in addition Even the cast-iroi 
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P>M>tu hy N Y. V Hoiinl of Walrr Supply 

Part of New York’s water supply comes from a sunlit 
lake called the Ashokan Reservoir; it lies high up in 
the Catskill Mountains. Ninety-two miles of shafts 
and tunneU uiriy ihe water under valley and through 


hill. Two other reservoirs store it until it is needed. 
Finally it reaches New York and, far below the surface 
of the ground, it is distributed through the great city 
by means of tunnels like the one you see in the picture. 
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Photo hy N. Y. C. Board of Water Supply 

This is Croton Dam, another of the carefully con- dty of New York may have plenty for all its needs 

structed dams which store water so that the great even in times of drought. 
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he fou n tai n s of Versailles are scarcely more beautiful Sunshine playing upon the great fountain turns the 
than the aerator of the Ashokan Reservoir. Here the place into a fairyland of dazzling white bedecked with 
water is sprayed high into the air to be purified. shimmering rainbows. 

mains, some of which are six feet across cost cleclruitx fiom the Hoonci Dcini fone the 
millions of dollars . water over the mountains It is the most 

But the reservoirs and aqueducts arc the costl> watci s\stem c\cr built 
most picturesque parts of the great systems The reservoir lakes aie all earcfulh 
New York City, for instance, has man> rcser- guaided, man\ of them with wire fenees, 
voirs, the smallest of which nearly every and while people nia\ go lishing in them. 
New York boy or girl has seen on some jaunt nobodx is alle>wed to use them foi aii> thing 
in Central Park. The biggest of them is a else Indeed, the valle\s that lead into the 
hundred miles away, up m the Catskill Moun- rcscr\oiis are watched oveM for man> miles, 
tains It is twelve square miles in area, and to see that the brooks and streams and rivers 
drains water from a territory as big as several flowing through them are kept clean 
counties. But the people of Los Angeles get 

their water in an even more exciting way. Water Can Bring Us 

There are two aqueducts, one newly built, For, although wc drink very little of the 
one a little older. The old one was once the millions of gallons of water which flow into 
longest in the world — some 2^5 miles, it a city in a day, no one can tell which part 
carries water all the way from the Nevada he will drink, so it all has to be pure. 
Mountains, slipping through 142 tunnels on You might be suriirised at the number of 
the way. The new one has 108 miles of things that can go wrong with water. Per- 
tunnels. It brings water 242 miles from the haps it has so much ordinary dirt, or “silt,” 
Colorado River over a mountain range fifteen in it *hat it actually looks dirty. Or it may 
hundred feet high. Giant pumps driven by have an unpleasant odor. Or it may look 
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f.. 

riiDtcM by N. Y. C. Bonnl of Walir Supply hikI Dethleiieni (' of C. 

Here is one of the great horseshoe-shaped tunnels 
through which the pure waters of the mountain reser- 
voirs flow to New York City. In the circle is the old 
waterworks building of Bethlehem, Pennsylvania, in- 
stalled in 1754 t^Ad part of the oldest municipal system 


of water supply in America. Water power from an 
old mill dam operated the pump, and the pipes through 
which the water flowed were made of hollowed pine 
logs. Before that, water carriers had had to trudge 
up the hill carrying buckets on a yoke. 


/ 
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as clear as crystal, and >et taste like poison. 
Worst ot all, it may look and .smell and taste 
all right, yet carry in it deadly germs which 
will make people sicken and perhaps die. 
Fearful epidemics of cholera, diarrhea, and 
especially of t>’phoid fever, have swept 
through cities which are not watchful enough 
of their water supply. 

How Scientists Purify Our Water 

But modern engineers and scientists have 
found out wa}'s to protect us from all these 
things. Of course, whenever possible, they 
get pure water in the first place; but even if 
that is impossible, ways have been found to 
purify whatever water must be used. In 
the past century, and especially in the past 
tw^enty years, marvels have been done with 
“settling tanks,” filters, and purifying chemi- 
cals. 

Think, for instance, of the problem of the 
cities that must take their w'atcr from the 
Mississippi River, which is brown with silt, 
or from the ]VIissouri, which long ago earned 
the nickname of the “Big Aluddy.” The 
trouble here is not so much germs as plain 
•irt. So the cities first of all draw their water 
into huge basins or tanks and let it settle. 
The basins would fill up almost at once if 
they wrere not regularly cleaned out, for you 
can scarcely imagine how^ much mud is found ^ 
at the bottom of them every day. New Or- 
leans, which is at the very mouth of the great 
river, and has about the muddiest water in 
the world, every day cleans out of her settling 
tanks some five thousand tons of mud and 
sand. And yet, when the clear water has 
been drained aw'ay and filtered to make it 
pure as well as clean, there is nothing at all 
wrong with New Orleans w’ater. 

Sand Filters That Catch the Germs 

Other cities have different problems. Phil- 
adelphia, for instance, which had one of the 
first waterworks in America (1799), must 
get its water from the Delaware and Schuyl- 
kill rivers, which by 1902 had become pol- 
luted (p6-lut') — that is, impure. So it was 
necessary to build enormous sand filters, and 
strain every drop that was pumped into the 


city mains. There arc five of these filter 
])lants, covering more than a hundred acres 
of ground and cajiablc of giving the city 
four hundred million gallons of water a day. 
Recently Philadelphia has added an o/one 
plant to help in the purifying of her water. 

Did you notice that those filters were called 
“sand filters” just now? One w^ould never 
think that draining water through a bank of 
sand w^ould clean the germs out 0/ it. Vet 
ninety-eight i>er cent of them can be removed 
in that way. ft w’as the Chelsea Water Com- 
pany, in London, W'hich first used a sand 
filter — in 1829. For a long time scientists 
could not quite see how' such big things a? 
grains of sand could strain out such tiny 
things as invisilile bacteria. But after a while 
they discovered that every grain of sand was 
soon covered wdth a slimy coating, and that 
the bacteria stick in this slimy coat. 

Adding Chemicals to Our Water 

Often the engineers j)ul ( hemicals into the 
w^atcr, either instead of Jiltering it through 
sand, or in addition to filtering it. Chlorine 
(klo'rin) is the main chemical germ-killer, 
It is much chetipcr and works much fastei 
than sand. Lime helps to settle the .sediment 
copper sulphate fsul'fat) keeps reservoirt 
free from the tiny water grow^lhs called algae 
(al'je), and iodine is thought to keep people 
from having goiter. Chemists keep thinking! 
of new' and better ways to keep our watei 
pure, just as engineers keej> thinking of new 
and better W'ays to get it to us. 

So the next time you turn on the faucet 
try not to take the s]>lashing stream so much 
for granted. Think for a moment of peasant 
women with water jugs on their heads, and 
of the village pump, and of the public baths 
w’hich are still the only way countless peoj)le 
have of keeping clean. Then think of the 
great man-made lake somewhere in the 
mountains, and the huge pipe that brings 
the water to you from it. and all the filters 
and pipes and pumps and “fixings” that 
make it so easy and so safe for you to turn 
that faucet on. After all that, you ought to 
enjoy your bath and your drinking water 
more than ever! 
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These bright pellets are Tenite, one of our most useful 
plastics. It comes from the factory in this form instead 
of in sheets or rods or/libes or in the form of a powder. 
It can be made iil any color, is very shiny, and may be 
transparent, translucent, or opaque. It will melt under 


extreme heat, and when manufactured into useful arti- 
cles is either cast in a mold or extruded - that is, pushed 
out through an opening. It is very tough and so is used 
where a shatter-proof substance is needed. | Though 
hard as aluminum it is only half as heavy by volume. 




t Olllll'Ay ri>|il)l<nnl>«> < 'ill lM»rul lf>M 


Farmers, like people in many other occupations, are ditch. Because they are light and practically unbreak- 

grateful to the chemist for various plastics. On this able they are easy to shift as row after row is watered, 

farm in the West, Tenite has gone to make the siphon Transparent, they show wher there is a stoppage, 

tubes used for irrigation. The four-foot lengths are ei- Water flows easily through their smooth walls and will 

truded, and bent to fit over the bank of an irrigation not rust or warp them. Sunlight will not crack them. 


INDUSTRIAL CHEMISTRY 


Reading Unit 
No. 26 


MIRACLES OF THE CHEMIST’S 
LABORATORY 

Note: For basic information For statistical and current facts^ 
not found on this page, consult consult the Richards Year Book 
the general Index, Vol. 75. Ind(X. 

Interesting Facts Explained 

How the alchemist’s dream has chemistry. 10-S46 

come true, 10-544 Why the C'hinese tun^ nut is in 

How the chemist combines ele- great demand, 10-547 

rnents to make new substances. What transportation owes to the 
10 544-45 chemist. 10 548 

How the chemist helps the What makes the kitchen a labo- 
farmer, 10-545 ratory in disguise, 10-549-50 

Why the world no longer depends The story of plastics. 10-551-53 

uii hilean nitrate, 10 546 The thrilling drama of chemistry 

How the farmer contributes to in medicine, 10-549 

Things to Think About 

What do we find out by chemical What can a chemist make from 
anahsis? cotton? 

What kinds i)f chemists are there, What use is l)C‘ing made of the 
and what do they do^ soybean? 

What do we mean by “industrial How has chemistry helped in the 
chemistry"? field of medicine? 

Related Material 

What materials do chemists use How many kinds of cotton plant 
to make our dyes? 9-304-7 are there? 9-28 

Why was Venetian glass famous? What interesting facts do we 
12-31-34 know about bacteria? 2-12-21 

What use has been made of the How does a microscope work? 
“noble" gases that the air con- 10-485-90 

tains? I 376-77 Rayon, 9-82 

Leisure^time Activities 

PROJECT NO. 1: Learn what l^ROJIXT NO. 2: Read the 
you can about the chemists “al- story of Louis Pasteur, 13-367- 
phabet," 1-5511 10 544-45» 549 69 

Summary Statement 

With the great triumphs of tory to be a sacred place, a tern- 

modern chemistry, we know why pie set aside for the well-being 

the great Pasteur held the labora- and happiness of mankind. 
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Within one great chemical laboratory many separate ex- the men of science work with delicate instruments and 
petiments may be going on at the same time This complicated formulas to give us the marvelous things 
small comer of a laboratory will give you an idea of how which make our lives healthier and more pleasant 

MIRACLES of the CHEMIST’S LABORATORY 

If You Need a New Fabric, a New Building Material, or a New 
Medicine, You Have Only to Tell the Chemist and 
He Will Go to Work to Create It for You 

Ages ago our modern s( itncc of c he mistr\ On other ]>iges ot llust hooks wc Invc 
was horn m the lahorator\ of the eager told >ou whit thi sikiik of ihemistrv is 
alchemist (al'ke mist) who was hunting a wa\ ind the I iws it ohc \ s I hi i lu mist makes it 
to make gold It is a long, long time sime his husiiuss to sludv the suhstaiiees found 
men ga\c up that aneient search, and a grtat m our uni\erse lie is not so much intt rested 
deal has been learned since then Almeist in an ohieit liki a storige hatter\, for in- 
unbelievahly, the old ale hemist’s dream has staiue as he is in the lead, hard rubber, 
come true roda> our chtmieal labor itories and sul|)huri( (sul fu rik) acid of whieh 
are creating riches the ancients never it is made \nd the eliemie il c hanges which 
dreamed the world contained I he things t«ike pkue m the battery when it is put to 
made each >ear for the health and comfort use are still more im]^ort int to him 
and beauty of millions of jieojilc b\ chemical Now \ou will remember that the chemist 
processes alone are worth billions of dollars works with onl\ ninctv odd elementary sub 
What a da77lmg vision for the blindly stances Just as a novelist juggles the 
guessing alchemist, secretly at work in his twenty six letters in our alphabet to make 
smelly attic* endless words and sentences, the chemist 


S44 




MIRACLES OF THE CHEMIST’S LABORATORY 


combines his elements. Sometimes he rej)ro- 
duces what Nature has already made, and 
sometimes he makes entirely new substances. 

A Visit to a Research Laboratory 

Chemistry touches our life at every point, 
yet it has so many sj)ecial branches that no 
one man can kiu)w all of it. In a sinp;le re- 
search laboratory where industrial chemicals 
are manufactured, hundreds of chemists will 
be hard at work on their sejiarate jobs. 
In the analytical laboratory they break 
down all the materials used in the plant 
in order to discover their stren/»th and 
jnirity. Next door, in a wilderness of 
com|)licated apj)aratus, men an* busy build- 
ing' up com])le.\ .substances by |)uttinj' other 
substances loj];ether. This is called syn- 
thetic (sln-thft'Ik) (hemisiry, the source c)f 
a stag^'erinj' array of new compounds. 'Fhe 
synthetic chemist skillfully adcls or sub- 
tracts atoms until the structure of the 
moleculo rn.M'r-kul) mc'cls his demaiuN. 
lie lakes extreme care how he* |)Uts his 
('lements and atoms lo»'ellier, for the linal 
combination, like the words of the noxelist, 
must have rc’al nic‘aninj'. He may be |)er- 
forming a special task for .Man, the master, 
or he may be testing' some strange new com- 
pound to find what it will do. 

Some Modern Wizards 

Farther alonj' in tliis same plant are the 
physical clumiists, using the laws of chemi- 
cal behavior to measure llie heat set free 
in a chemical rc'action. (Mo.se by i^ the 
elect rochemist, who studies the relationship 
between chemical changes and elc'ctrical 
activity’. MMiis man knows how to take 
from impure cop])er unbelievably small, 
though very’ valuable, amounts of gold and 
jdatinum. MMien there is the biologic al chem- 
ist, wdio studies the processc‘s of life itself, and 
the .sanitary chemist, who c*arefully analv/es 
our water supply so that he can make it safe 
for drinking as well as for use in boilers and 
dye vats. And these arc only a few* of the 
men and women w e should see. 

Outside the research laboratory the chemi- 
cal engineer, trained in both chemistry and 
engineering, carries out on a large scale the 
processes which tlie laboratory chemist de- 


veloped in his little glass tubes. Besides 
the chemical industry' itself, w’hich manu- 
factures chemicals of all sorts, there are a 
good many “[)rocess industries”- that is, 
industries whic'h involve the chemical chang- 
ing of matter into some more usable form. 
Petroleum and sugar refining; rubber, gas, 
cosmetics, and t'.xjdosives manufacture; the 
|)roduction of alloy s ffi-loi') combinations 
of tw'o or more metals- and plastics; the 
jmint, (ement, artificial silk, and brew’ing 
indust ric's all make use of chemistry. Chem- 
istry’ as we know' it is a modern science, but 
there are many' fields in which the art of 
chemical manufacture has been handed down 
time out of mind. M'his has been true of 
glass manufacture and the smelting of cer- 
tain ores. We are now able, however, to 
im|)rovt‘ these old art.s by making use of 
modern ' knowledge. Our civilization owes 
most of its luxuries and comforts to the c hem- 
ist, to say nothing of many vital necessities. 

The Farmer’s Debt to the Chemist 

Altliough they .seem at o|)|)osite poles from 
each other, the modcTU farmer would be lost 
without lh(‘ chemist at his side. When his 
c'orn stands higher than his neighbor's and 
his pigs are falter, y’ou may be sure he has 
called on the chemi*'l for help. When one 
field of cotton is full-blown, while, and flufTy 
and the next one is dark with unopened, 
wecw'il-infested bolls, there is a simple e.x- 
|>la nation. M'he first farmer has followed 
scientific advice. He has had his soil 
analyzed by tlie government chemist to find 
what it lacks of the elements necessary for 
proper plan! growth. MMien he has sujijilied 
them in the form of suitable fertilizer. 'I'he 
food for his livestock has been recommended 
by a .scientist who knows the chemistry of 
food and nutrition. 

Klsewlicre in these books you have learned 
how the soil is made and have found that 
it contains certain minerals that are nec- 
essary for plants to grow ])roperly. Nature 
long ago fell far behind in the task of put- 
ting th(*se elements back in the soil after 
they were taken away’. The principle 
chemicals needed by plants are nitrogen 
(ni'trcVjfn), ]>olassium (pcVtSsM-Clm), and 
phosphorus (fc'isTOr-us), but it is not enough 
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simply to put them in the ground. We 
find that they must be provided in a form 
which the j)Iants can use, and tliat other 
elements, like manganese (mang'ga-nes), 
copper, and magnesium (m5g-ne'zhl-iim) are 
also important. Our forefathers knew the 
value of manure, which provides nitrogen 
in the form of ammonia, one of the forms 
which plants can use. Slaughterhouse waste 
also puts l)ack in the earth various mineral 
substances which tlie animals got from the 
j)lants that in their turn look up those sub- 
stances from the soil llicy grew in. \\ hen 
the waste decays, another crop of plants can 
lake up those substances- and then more 
animals can feed on the plants! And so 
the cycle goes on. 

Putting the Air Itself to Work 

Our ancestors alsf) learned the value of 
letting land lie “fallow” or i<lle from time 
to time; or better yel, of planting it to 
crops of w'hat are known as legumes fli^g'um) 
— beans, peas, clover, and alfalfa fril-fAl'fa) 
— whose roots bear thriving (olonies of 
millions of bacteria (ln\k-te'd-a), those 
pl.tnl forms so tiny that they can be seen 
only under the microscope. The bacteria 
on the roots of such cro[)s a.s peas and ch)ver 
take nitrogen, a g«as, from the air and 
“fix” it in the soil in a form the plants 
can use. For plants cannot take nitrogen 
directly from the air. It must be “fixed” 
that is, chemically combined w ith some other 
substance. 

When these natural methods did not put 
enough nitrogen back in the soil, the care- 
ful farmer of the past added it in the form of 
Chile saltpeter (solt-pe'ter) -that is, sodium 
nitrate (so'di-um lu'trat) from the enor- 
mous natural deposits in a very dry .section 
of Chile. I'hen a German scientist, Frit/ 
Haber fhii'ber), discovered how^ to make 
saltpeter from the ammonia which resulted 
when nitrogen in the air was “fixed” with 
hydrogen gases. Haber’s process makes use 
of the 22 million tons of nitrogen in the air 
over each square mile of the earth’s surface. 
I'his is the source of the ammonia we use 
in our refrigerating plants and in our kitch- 
ens. America’s great need for i)otash to 
raise foodstuffs led to a search for new 


sources that ended in the dry bed of Searles 
Lake in (California, which j)rovidcs us now 
with large quantities of this valuable fer- 
tilizer. 

Chemical Weapons against Pests 

Louis Pasteur (j)as'tur'), w'hose story is 
told in these books, was one of the earliest 
chemists to help agriculture. Following 
him other chemists have given the farmer 
the blasting powder to clear his l.'ftid, weed 
killers such as 2, 4I) which .save him hours 
of hoeing, ripening agents to add color to 
his product and so helj) to market it, insect 
and fungus killers- Paris green, formalde- 
hyde (for-marde-hld), nitoline to poison 
weevils, insects, grubs, and fungus spores. 
l*robal)lv one-fifth of the world’s crop is 
destroyed by such pests, in spite of the bil- 
lions (»f dollars spent bv the American 
farmer annually in his war on them. V'ou 
may draw' your own conclusions as to the 
size of the world’s (ro|) if the farmer did not 
have the chemist to help him in this war. 

Interestingly enough, the farmer in his 
turn makes a notable ( ontribiilion to the 
w'ork of the chemist, d'he large surplus of 
fo(Kistuffs in a w'orld tlnit did not use them 
was driving the faimer to bankrui)tcy when 
far-sighted chemists and industrkrHsts started 
what they called the (hemurgic (kem-ur'- 
'jik) movement. This was a jfian to use 
the farmer’s jmxlucc in industry. The 
farmer and the chemist work together, with 
the result that the farmer can look forward 
to a steady cash income from what he grows 
for the chemi.st. 

Already a good deal has been done. One 
great chemical manufacturing company uses 
millions of pounds of cotton every year to 
make rubber-coated fabrics, artificial leather, 
and various patented fabrics. It uses the 
“linters” short cotton fibres attached to 
the seed, and formerly thrown away in 
making imitation ivory and silk, photo- 
graphic film, and plastics. This same com- 
pany ])roduces paints and varnishes, lino- 
leum, and jmnters’ inks from the oils pressed 
out of vast crops of soybeans, flaxseed, 
cottonseed, and tung nuts. To meet the 
chemist’s demand for the tung nuts, trees 
have been imported from the Orient and 
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Here is s portion of one of the largest chemical plants 
in the United States It covers the whole of this island 
and spreads several miles along both river banks Vast 
laboratones, factories to make chemicals, power plants, 
storage tank farms, coal yards, freight yards and sid- 
ings, and huge river barges are all vital to the chemical 
industry which serves us 


planted in the Southern Tnited States 
Corn IS another crop for which the chem- 
ist has found dozens of new uses It }ields 
such products as starch, adhesives, ‘dry 
ice^’ the solid form of a gas called carbon 
dioxide (di 6k'sid) and glucose fgloo'kos), 
which may be turned into either rayon or 
table sirup One company uses up every 
>car the yield of more than one and a half 
l)illion acres Corn is coming to be still more 
important as a source of the industrial alco- 
hol which can replace petroleum as a fuel 
It is the starting point for a long line of 
chemical products like canned heat’ and 
ether 


Perfumes from a Lump of Coal 

Ihc list of the chemist’s miracles is end- 
less I orcsts give him \aluable materials 
\ single big company can swallow up thou 
sands of tons of wood pulp in its annual out 
j>ut of ruon, cellophane (s6l 6-fan), and 
other products In addition, millions of 
pouncls of turpentine and rosin, from thou 
sinds of acres of pine timber go into such 
common needs as paints and brushes trom 
the uglv slew of wood pulp the chemist 
brings beautiful ravon which he colors with 
bright (he^s crcited from coal tar Coal tar 
Itself becomes a Juk Horner pie under the 
hind of the chemist From it he pulls such 
plums as aspirin enchanting perfumes the 
exidosixc called INI, and the wonderful 
sulfi drugs which ha\e put an end to man\ 
dreadful diseases Skim milk had little 
commercial value until it was touched b> 
the magic of chemistrv I hen lo' its solid 
part, c died c isein (ka sc In), appeared in the 
forms of glue, plastics, and fabrics 

Ixcept for ignculture and construction, 
the making ot automobiles is our biggest 
industr\ , but it i ould not produce fast cheap, 
and beautiful cars without the aid of the 
chemist 1 \er>' part of the car, from its 
chissis of allo> metal to its lustrous linish, 
has depended on the genius of the laborator> 
in some wav ‘ \nti kncKk ’ compound 
lc«ul tclraetlul (t^t'ra-^th'll) added to the 
gasoline diet of the car’s engine in as small 
a proportion as three teaspoonfuls to a 
tankful, makes it possible for us to get 
more power and longer mileage with less fuel 
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and a smaller engine. Thanks to the alloys 
given us by the chemist, we have not only 
more economical cars, but also faster, safer, 
and more luxurious trains and shij)s. And 
can you imagine making airplanes to fl}' 
faster than the speed of sound without the 
light, tough aluminum and magnesium alloys 
which are one-third and one-half the weight 
of steel? 

Chemistry Comes to the Builder’s Aid 

Our construction industry, the country’ *s 
second largest, is founded on millions of 
barrels of cement and millions of tons (»f 
steel. Each of these barrels and lon-^ is the 
result of chemical transformations, (llass, 
ahvays important for window-panes, is now 
being used in both homes and skyscrapers 
in the form of glass bricks, which arc not 
only go(Kl insulators but are so strong that 
it is hard to break them. More than that, 
the chemistry’ of glassmaking has given us 
plate glass so tough that it is flexible, anti 
w'ill not shatter into sharp pieces. Every 
day in our kitchens w’e use glass articles 
which do not break when they are popped 
01 t of the refrigerator straight into the oven. 
The kitchens themselves are clean and gay 
with tiles and porcelains, lacquers and en- 
amels which are better than the older, more 
costly sorts. 

What Are “Heavy” Chemicals? 

From all that we have said you w-ill see 
that chemical processes are at work in 
many plants which on first thought would 
hardly seem to be concerned with chemistry 
at all. Of course the manufacture of chemi- 
cals as such is in itself a vast industry. 
The products arc of all kinds. For instance, 
there are the “heavy,” or general-utility, 
chemicals, such as sulphuric acid, nitric 
acid, and sodium carbonate (kar'bo-nat). 
Then there arc the synthetic organic chemi- 
cals, such as dyes, drugs, and solvents- 
substances that can di.ssolve other sub- 
stances. Still other chemicals, like chlorine 
(klo'rin), sodium, and magnesium are made 
by electrochemical processes. One great 
chemical plant may make hundreds of prod- 
ucts by combining a few simple substances 
in a variety of ways. 
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Before any of the things we ask the chemist to create 
for us can be produced in the factory, they must first 
be made and tested in smaU quantities in the labora- 
tory. Bi*cause each new project must have its own 
treatment, the chemist often uses homemade appara- 
tus. Later, engineers will design and build large-scale, 
permanent copies of the labora^ry equipment. 
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Our great liglU and ]K)wcr industry makes 
use of ciicmislry in a number of ways. Most 
of our electric power comes from steam 
power, wliich in turn we get from the energy 
set free wlien the carbon of coal c’ombines 
with tlie oxygen of the air in other words, 
when coal burns. Naturally, the steam 
boiler is an im]>ortant ])art of all this. 'I'he 
chemist kee])S the slc^am boiler under close 
control, analyzing flue gases so he can get 
the most* eflicient service from the fuel. 
Since the water we drink would u]>sel the 
suri)risingly delicate stomach of this ma- 
chinery, the chemist j)revfMits scaling and 
corrosion of the boiler’s sides ]j\ treating 
the water chemically. 

Each Engine Has Its Proper Diet 

Kai h turbine, diesel engine, an<l smelting 
furnace has its own pro|)cr fu(‘l and lubriiant. 
and it is the business of the cliemisi to 
choose the right one for cMch. In tht‘ matter 
of mali'ri't''. 1;,,), the electrical engineer 
has bc‘en grc^itlv helped b\ the chemist. 
When night w(uild fall, both ( it> streets and 
country highwa\s glow with the chemist’s 
handiwork. .Neon lilh^d lube lights, scxlium 
\a|)or l.im|)s that in elViciencw aj>proach 
the cold light of the glowworm, an<l of 
course our gasdillc'd elc'ctrii light bulbs 
with their tungsten tilaments all these 
chemistr) has ^.rcMtiMl to hc’lp man push 
back the darkness, from his bus\ life, riie 
chemist has hel|)t‘<l us s|)eed our thoughts 
from man to man by the telej)hone, tele- 
graph, radio tc’lephone, ami telcw ision radio. 
Without the special materials which go 
into inductances, resistances, magnets, cable 
sheathings, and .so forth, the elc'ctrical en- 
ginecT and the [)hysicist cent Id not have 
made those marvels which dwarf space into 
nothingness. 

In the same way, chemistry has helped to 
pass our thoughts to future generations by 
the service whic h it has given to the world of 
j)rint - to newspajxTs, magazines, and books. 
W’e have from the chemist paper procc*ssed 
from rags, wood pulp, and sulphite liquor; 
it has been bleached by chlorine and bears 
the imprint of chemical inks applied by 
elect rot yjH\ 

In the story of how’ a city gets its water 


you have read how chemistry is used to 
supply us with pure water for drinking and 
wa.shing. But even after tliis w^ater has 
flowed out of the faucets and dowm sinks and 
drains, it is still the concern of the chemists. 
The sanitary engineer uses chemistry to 
treat sewage so that it is rendered harmless. 
The modern garbage disposal jdant recovers 
enemgh u.seful materials to pay for its oper- 
ations. Modern cities can now avoid typhoid 
and other epidemics. 

The Great Work of a Great Chemist 

d‘he tale of chemistry in medicine is a 
thrilling drama of war against death from 
disease and accidental injury. In this 
combat the chemist has added his strength 
to that of the jdiysician, the biologist, 
and the l)acteri()lc)gist (hak'te-rWro-jlst), 
whose bu^iness it is to study germs. Tho.se 
mcMi of science have won brilliant victories. 
Here* again it was l-ouis Pasteur, that master 
of chcmiical science, who led the attack in 
one of the great advances against the enemy 
when he snatched the instruments from the 
soiled hands of ignorant surgeons and i)assed 
the tools through sterilizing flames. His 
fellow scientists only laughed at his experi- 
ments to prove that infection takes place 
through tiny, living things too small to be 
.seen In the naked eye. But today we hail 
him as a great savior. On other ])ages we 
have told » ou of his work in combating 
rabic^s ira'b'-'z). It has been said that in 
all the work chemists have done, his “w’as 
the most signal and sweeping triumph of 
c hemical knowledge deliberately applied to 
the rc*clem|)tion of mankind from disease and 
pain.” 

A Scientist’s Heroic Experiment 

His victory in.s]>ired other workers, and 
pointed out the ^Yay to be followed in check- 
ing such ancient ravagers as cholera (kcM'- 
er-a), lockjaw, diphtheria (dif-the'rl-a), ty- 
phoid fever, bubonic (bu-bc'Sn'ik) plague, 
and scarlet fever. Fhc quiet, magnificent 
heroism of these men of science was shown 
by Paul Ehrlich (fr'llK), the physician and 
chemist wlio worked (105 experiments before 
he produced a dyelike .substance which he 
ho])ed w’ould kill one of the deadliest hUxxI 
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diseases. It worked with chickens and rats, 
but would it work equally well in human 
beings? There was only one way to find out 
-“SO Ehrlich tried it on himself. When the 
experiment on himself proved successful, he 
named his new remedy *‘6o6* - because it 
was the 6o6th substance he had tried. 

Our many germicides and antiseptics have 
been given us by men who often were as 
unselfish as Ehrlich. They have supplied 
the physician with various anesthetics (^n'- 
$s-th6t'Ik), those merciful drugs which still 
our pain and allow our surgeons to perform 
delicate operations. They have developed 
glandular products designed to make up 
for various bodily deficiencies. One of 
these is insulin (In'su-lln), prescribed for 
diabetes (dl'a-be'tez), and another of them 
is adrenalin (dd-r^n'al-In), which has proved 
a valuable heart stimulant and preventive 
of bleeding. New narcotics have been 
found which, like opium, relieve pain and 
put the patient to sleep, but which are less 
likely to be habit forming. There are i)ower- 
ful remedies to bring down a fever, and 
analgesics (an'al-je'sik), like aspirin, to 
re<luce pain and quiet the nerves. And we 
should not forget our new knowledge of the 
part played by vitamins. It is easy to guess 
at the commercial importance of drugs when 
we are told that every year the American 
public uses a million dollars’ worth of aspirin 
alone. 

Chemistry at Work in the SLitchen 

No one needs to look far to discover that 
in our homes a great many chemicals are 
put to daily use. The kitchen is really a 
laboratory in disguise. On laundry day, 
soap, blueing, bleach, and starch are used 
to turn out smart-looking clothes. On bak- 
ing day the housewife works with bleached 
flour, dried yeast or baking powder, vege- 
table colorings, pyrex dishes, concentrated 
milk, and a host of other chemically pro- 
duced items. She heats her baking oven by 
artificially made gas, and lights it with a 


safety match. On the kitchen floor is sleek 
linoleum and in the drawers are stainless 
steel cutlery and silver-plated ware. All 
these prexiucts have been made with the 
help of the chemist. 

Woolens without Wool 

So it is not surprising that the chemical 
industry in the United Stales has grown to 
vast proportions. It and certain allied in- 
dustries manufacture t)roducts w'orth about 
one-tenth of all the f)roducts made annually 
in the United States, which has the largest 
chemical industry in the w'orld. And this 
gigantic industry is growing as the years 
go by. For as we use up the valuable re- 
sources that Nature gave us, it falls upon 
the chemist to find new materials. .At the 
same time, he must try to find ways to save 
the resources we still have, and to use 
them in the most efik ient way. 

Countries less well off than the United 
States in natural resources are [)utting forth 
tremendous effort to bring their chemual 
industries to a point where the nation will 
no longer need to de|)en(l on otluT coun- 
tries for supplies, (lerman themists have 
learned to make from their abundant loal 
the oil which their country lacks. Italy 
does not have sufficient wool, so'htT chem- 
ists Imve developed a wool .suljstitute from 
'the solid parts of milk. In such ways chem- 
istry accomplishes wonders that seem noth- 
ing less than miracles. Wlien its products, 
such as artificial silk, fertilizer, and coal 
tar dyes, are turned into munitions, chem- 
istry becomes a cruel master, as does fire 
w'hen it gets out of control. Hut when 
it is properly used, it is a marvelous servant, 
tirelessly making over the very stuff our 
lives are made of. 

No wonder the great Pasteur held the lab- 
oratory to be a sacred f)lace, a tem[)le set 
aside for the well-being of mankind, dedi- 
cated to producing a race of men that shall 
be “greater, stronger, and better” than the 
men who went before. 
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The fluffy white substance this workman is peeling off plastic turns transparent when it is compressed between 
the cylinder is vinyl butyral, a plastic used to make two sheets of glass. Even though the glass may break, 
safety glass like the piece at the right. The opaque it will not fly apart into sharp, jagged pieces. 


The CHEMIST’S LATEST MIRACLE 

Glass Cloth Stronger than Aluminum and Gears That Need 
No Grease Are among the Wonders We Owe to Plastics 


It took iiii explosion of the sun and a 
hundred million years to cool the frag- 
ments in order to create our metals. 'Fhere 
were less than a dozen of them in all to 
begin with, and as civilization developed, 
men drew heavily on the slocks of these 
few. Nature could not keep pace with the 
demand. So chemistry has been busy during 
the past century changing Nature’s products 
to make them serve us better. In answer to 
the challenge of mcxlern living, chemists 
produced what we call plastics — those 
brightly colored, topgh materials which store 


our focKl and help to clothe and shelter us. 
The most unlikely materials go into their 
making and amazing properties have been 
l)uiU into them. 

All these plastics are largely built up 
out of a useful element found in vast quanti- 
ties throughout the universe. It is called 
carbon and it helps to make up the bodies 
of all plants and animals. It is found in 
large quantities in coal, coal tar, and petro- 
leum, because ages ago those substances were 
made out of trees and other plants. 

When the chemist sets out to make a plas- 
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tic he starts with carbon-bearing materials 
known as resins. He treats these resins 
with chemicals. When heat and pressure are 
applied to the resin mixture, a plastic is 
formed. Resins are found in nature, but 
they can be made up in the laboratory by 
combining such substances as coal, air, 
water, sulphur, limestone, and petroleum 
in giant pressure cookers. Of those sub- 
stances coal is the most important by far. 
It is the keystone in the production of most 
plastics. 

When you hear someone say, “lt*s a plas- 
tic,” you know what is meant, but it is 
difficult to say just what a plastic is. We 
apply the term to manufactured substances 
that will flow into a given shape which 
they will keep after being properly treated. 
Glass, which man has made for centuries, is 
in reality a plastic, but it is not made up 
out of materials derived from living things, 
as our modern plastics are. 

Billiard Balls That Exploded 

The very first plastic in the modern sense 
was the common substance known as cellu- 
l<«’d. It was invented by a young man in 
Albany, New York a |)rinter named John 
Wesley Hyatt. He had heard of a billiard 
ball manufacturer w’ho stood ready to j>ay ten 
thousand dollars to whoever could find a 
substitute for expensive iv(;r\ . One da\' 
Hyatt came on a bottle of collodion- we 
sometimes call it “new skin” — which had 
hardened where it had spilled. He was no 
chemist and he did not know that collodion’s 
principle ingredient is nitr<Kcllulose, (»r gun- 
cotton. He was blissfully unaware that he 
was knocking around one of the world’s most 
dangerous explosives. He submitted to high 
temperature and pressure his mixture of 
nitrocellulose, pow'dered camphor, and red 
coloring. When the mixture had hardened 
he had celluloid for the balls, but he got no 
prize. For when the balls were hit too hard 
they exploded. Further experiments tamed 
celluloid of its violence and made it a gocxl 
substitute for amber, ivory, and pearl. But 
of one vice it could not be cured — it took 
fire very easily. 

Perhaps it was an accident or perhaps 
Adolf Spitteler was joking when, twenty-two 


years later, he combined sour skim milk 
with formaldehyde, a liquid derived from 
woixl alcohol. He found he had a white, 
hornlike substance, hard and shiny, which 
could be used to make good buttons. I'his 
was known as casein (ka'se-Tn) |)lastic, “ca- 
sein” being the name of the solid part of skim 
milk. It is high in protein, that element in 
our food that goes to repair our bodies. 
Casein plastics come from the [actory in 
rigid sheets, rods, or tubes, and they will 
warp and crack just like the |)rotein jdastics 
made from soybean and corn gluten. Hut 
they may be made in nearly any shape and 
color and so are very useful. 

Bakelite for Scores of Jobs 

Nearly twenty more y(‘ars went by before 
we ha<l a really serviceable pla.slic. In igog 
a Belgian- American chemist, Leo Baekeland 
(bak'land), was seeking a substitute for 
shellac, an expensive sub.slanct' used in 
making j)honogr.iph records. He produced 
a plastic from formaldehyde' and phcMiol (fe'- 
nol), or carbe>lic acid, which comes from 
benzine, a licpiid derived from coal. 'I'his 
jdastic, named Bakelite after its discoverer, 
wais not useful in making records because 
it could not be remellcMl, once it had sc‘t. 
But this very stubbornnc'ss under lu'at, 
together with the fact that it is ^olid, cannot 
be dissolved, and that it will not ('omlucl 
electricity, made it just what the manu- 
facturers of electrical insulators needed. 
Bakelite and other phenolic ifc*-n6rtk) plas- 
tics serve more pur|>oses than any c)tlier 
plastic'. Because thc*y are hard, tliey sc*rve 
well in the gears of motors and are excellent 
for making plastic-bonded plywood. More- 
over, they are cheap ancl easib' worked, 
since they come from the factory in the form 
of molding j)ow'dcr w'hich nc'ecls only to be 
melted to a sirupy liquid to be molded to 
almost any shajie. 

The next plastic to be invented, called 
cellulose acetate (as'e-tat), was a “thermo- 
plastic:”- -that is, it can be melted ancl 
remolded, as “thermosets” like Bakelite can- 
not be. Cellulo.se acetate, like celluloid, is 
made of the substance called cellulose (sCl'- 
u-los), ivhich forms the bulk of plants and 
is high in carbon. Cotlo^ fibers are treated 
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jk/Th luetir (a-si*'t!k) acid, derived from the 
calcium resulting from burning limestone 
with coke. It is tlie acid we find in vinegar. 
Acetic anhydride also goes into this plastic. 
Recause it is tough and transparent and 
will take beautiful colors, cellulose acetate 
is excellent for small objects and decorative 
touches. W hen it is dissolved in a chemical 
called acetone (as'e-ton) it can lie spun into 
acetate rayon. 

Fifteen Main Types of Plastics 

And now a y)rocession of varied j)lastics 
came ra|3idly into being. There are thou- 
sands of them, l)ul they all fall into .some 
fifteen main types. Some d(‘])end on cellu- 
lose, as do ethyl (Mh'll) cellulose and cellu- 
lose acetate butyrate (bu'ti-rat), both sturdy 
enough to withstand a sharj) blow. I'lien 
there are the alkyds (arkid) derived from 
coal. Th(*y an* thermosetting and mois- 
lure-proof, so llu*\ are used to make richly 
colorc*d ])ain‘' ^'arnishes, and la< ciuers that 
are tough, cjuick-drying, ami able to n‘sist 
weather. Paints like thc'se have rexolution- 
i/.ed the paint industry. 

'I’he prett\ urea (li-rO'a) pkistics are ver\' 
nim h like the plicnolit but they do not 
lesisl wear so well. Fhev make good table- 
ware, buttons, and other small objects, and 
are the ri'sull of combining formaldeh\de 
and ur(*a, a substance derivc'd from am- 
monia. Reiter tableware is ma<ie of meda- 
mine ( mel'a-men), the hardest plastic . 'fhen 
there is a large group of lhermo|)lastics 
called vinyls (vi'nll). 'riie.se are made by 
mixing acetic acid with either natural gas 
or with acetylene (a-sel'i-len) gas, a j)rod- 
uct of coal and limestone. One of the \in\ls 
is the principle |)lastic used in making salety 
glass, which is built up of alternate sheets 
of glass and plastic. Another goes into 
adhesivc's, inks, and metallic jiainls. And 
still another is the rubberlike substance 
which comes in many charming colors am* 
is used for raincoats, shower curtains, and 
the like. 

Vinilidene chloride (vl-niri-clen klcVrid) 
often rcjdaces rubber, co|)i)er, and steel in 
pipes and flexible tubing, for it is trans- 
parent, flexible*, and vvatcr-|>roof, and can 
withstand a severe i)ull. This plastic makes 


strong roj)es and cables and stout fish lines. 

Among the most expensive plastics are the 
acrylics (a-kriPlk), beautifully transparent 
anej very rigid. Two of them we know as 
Plexiglass and Lucite. Thanks to their 
charming colors they are usable in objects 
ranging all the way from furniture to con- 
tact lenses. Petroleum, their chief ingredi- 
ent, can be refined to produce a chemical 
called ethylene feth'Men), to which air,- 
water, and acetone are then added. 

Lightest of all the plastics are the poly- 
styrenes, those beautifully transparent prod- 
ucts of ccjal and petroleum. Because of 
their low* yjrice these plastics are in great 
demand. They do not conduct electricity 
and they can be told from other plastics by 
th(‘ir metallic ring. 

Nylon May Become Cloth or Gears 

Perhaps the best-known, and certainly the 
toughest, of the plastics are the nylons, 
which make light, durable clothing for us. 
For our machines they make gears and bear- 
ings which run noiselessly and need no 
grease. 

One of the most interesting uses of plas- 
tic is in the making of “plastic-bonded 
]>lyw'ood.” Like safety glass, this is what 
we know as a laminated .substance — that is, 
it is built uj) of thin sheets fastened together 
with an adhesive. The sheets of wood are 
piled so that the grain of each new layer 
lie's at rigp. angles to the one under it. 
rhen those sheets are hound together with 
jilastic under great heat and pressure in 
luige molds. .\s the plastic seeps into the 
pores of the wood, a new substance is 
cTc-aled. For its weight, plywood is stronger 
than steel. It is no wonder that wc find 
it in the bodies of some of our fastest air- 
planes. 

It is hard to say where the chemistry of 
plastics will end New formations and ap- 
plications are i)rought to light every day. 
For example, it has recently been found that 
glass cloth dipped in resins will make a 
material thirty percent stronger than alumi- 
num, even though it is only two-thirds the 
weight of that metal. Of one thing wc can 
he certain the chemistry of plastics is leav- 
ing Nature far behind. 
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LIBRARIES AND HOW TO USE THEM 

Reading Unit 
No. 27 


Note: For basic information 
not found on this page, consult 
the general Index^ VoL 15. 


For statistical and current facts, 
lonsult the Richards Year Book 
Index. 


Interesting i 

When almost no one could afford 
to own a book, 10 555 
What was kept in the earliest 
libraries, lo 556 
The famous ancient library at 
Alexandria, ia-ss6 
How monks collected books in 
the Middle \^es, 10-556 

Things to 

How far back does the history of 
libraries go? 

What special departments do our 
libraries have to-day^ 

What are ‘‘bookmobiles’ ? 

What do modern libraries ilo for 


^acts Kxplained 

Libraries in the early colonial 
days, 10 556 

The first fiee libiaiies. 10 557 

When the first children's library 
was ojK'ned, 10 55S 

Libraries for the blind, 10 560 

'I'he world’s most famous libra- 
ries, 10 5()o-()i 

Think About 
children^ 

How can we feel at home in one 
of our libraries^ 

What do the call numbeis on 
books mean'" 


Picture Hunt 

What are the most cherished pos- How much mone\ does ('olumbi<T 
sessions of the Library of Con- University spend cMch >eat on 
gress? 10-555 ' the library'' 10 559 


Related 

What important work did the 
monks do in the Middle Ages? 
5-3o8 

What secret did we learn from the 
wasp? 9 273-80 
How long did it take the monks 
to make copies of books in the 
days before printing? 10-48 
Where are copies of Gutenlierg’s 

Leisure^tin 

PROJEC T NO. i: See how the 
Dewey system works in your 
local library, 10-561-62 


Material 

Bible to be found'' 10 50 
How can blind pi'ople ic\id 
book.s-' 10 60-62 
How many volumes were there in 
the Imperial Library of C hina 
in the later Han period? 5 - 

321 

What were Athenian books like? 
5 172 

e Activities 

PROJECT NO. 2: Make call 
numbers for your own books, 10- 
562 


SS 4 





The Library of Congress at Washington, D. C.^has one 
of the world’s •^reafpst collections of books, manu- 
scripts. and prints. When the library was established 
in 1800 the books were kept in the Capitol. There 
the first collection was destroyed by fire when the 
British attacked Washington in the War of 1812. 
Later, in 1897, the collection became so enormous 
that the great building shown above was erected to 
house it. But even that was not big enough, for 


recently an annex has been added. It can hold ten 
million books and also have room for the Copyright 
Office, which is housed in the library. Cherished 
possessions of the library are those important docu- 
ments, the Declaration of Independence and the 
Constitution of the United States. Visitors may enter 
the building on any day except Christmas or the 
Fourth of July. To all intents and purposes this is a 
national library. 


LIBRARIES and HOW to USE THEM 


Here You Will Learn How We Came to Have Those Great Store- 
houses of Books to Which We Owe So Large a Part of our 
Modern Enlightenment 


S E HAVE grown .so used to reading 
books that we can hardly imagine 
what the world would be like without 
them. Ycl there was a lime when almost 
no one could afTord to own a book. The 
bulk of the people could not even read and 
wTile. Ideas were passed from man to man 
by word of mouth, and information -or 
misinformation! — was passed on hardly at 
all. Children were taught to farm or build 
or bake or brew but there education ended. 

To-day the inherited knowledge of all the 
ages lies open to almost anyone who can 
read and write. As you sit in one of our 
great public libraries you are surrounded by 
all that the finest minds of our race have 
been able to produ/:e. You would think it 


a thrilling privilege to shake the hand of 
certain of these great ones, and perhaps ex- 
change a few hurried words. How much 
more of a privilege it is to find on these 
shelves the greatest thoughts of these great 
men, their deepest and most sacred convic- 
tions, all set down in language as clear and 
forceful as the authors couhl command. 
Just by opening the volumes, you are ad- 
mitted to the society of the choicest spirits 
the earth has ever seen. All this wt owe to 
our modern libraries. 

The history of libraries is long and inter- 
esting. It goes back far beyond the inven- 
tion of printing — and of course far beyond 
the development of the book as we know it 
to-day. Some learned men say that there 
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are traces of libraries existing as early as 
3,000 B.C. We know for certain that there 
was one in Babylonia in 2,000 B.C. But 
how strange it would have looked to us! 
The ‘‘books” were clay tablets stamped with 
queer-looking wedge-shai>ed marks an^l baked 
in the sun. The earliest libraries contained, 
not stories or poems or scientific matter, but 
important political and religious records. 
In other words, they were archives (iirk'iv) — 
that is, collections of documents of state. 
Such libraries were kept by priests and 
housed in a temple. 

The Greatest Library of Old 

In 600 B.C. there were important librar- 
ies in Nineveh (nln'e-vd) and (ireece; and 
about 300 B.C. Ptolemy 1 (tbre-ml) estab- 
lished the famous library at Alexandria in 
Egypt, the greatest in the ancient world. 
It sufTered sadly at the hands of various 
conquerors, and in ^40 A.l). was entirely 
wiped out by the Arabs. By the fourth 
century A.T). Rome had twenty-eight public 
libraries, and the fine new city of (’‘onstan- 
tinople Ijoasted one founded by the emperor 
C iStantine. War and invasion wiped out 
these valuable collections, though some of 
the material, which was carrie<l away and 
scattered fai and wicle, has been recovered 
and is preserved in our great modern collec- 
tions. 

During the storm and stress of the Middle 
Ages it was the monks— the only learned men 
of their day — who collected books and took 
care of them. They i)ainstakingly copied 
their treasures by hand and decorated them 
with drawings and pictures so beautiful that 
kings were proud to own them. Such 
“manuscript” books were given honored 
places in cathedrals and palaces as well as in 
monasteries, and many of them are the chief 
treasures of some of our great libraries to-day. 

The Famous Vatican Library 

The Vatican (vlil'I-kan) Library at Rome 
‘ largely given over to manuscripts is an 
outgrowth of one of these early libraries. 
It was begun in 1295, and to-day has one of 
the greatest collections of manuscripts in 
the world - -that is, of works that are in 
writing rather than in print, like our modern 


books. Other great libraries founded during 
the Middle Ages are the Library of the Sor- 
boniie (sor'bon')— established in 1253 and 
now a part of the University of Paris - and 
the Laurentian ( 16 r-rCn'shI-an) Library, es- 
tablished at Florence in 1571. Among early 
university libraries were the ones at Oxford 
(1327), at Prague (1348), and at Heidelberg 
(1386). The Bodleian (b^d-le'^n) Library, 
one of the greatest modern colleqrions, was 
established at Oxford University in 1602. 

In the early days of our ow^n country, 
libraries w^cre mostly collections of books in 
private families. Dr. Cotton Mather of 
Boston had the largest of these collections; 
in 1700 it contained about three thousand 
vtdumes. But most ]>rivatc libraries had 
only a few treasured volumes — for few people 
could afTord to buy books. (lenerous ow^ners 
would of course lend their books, but nat- 
urally only to friends. Becau.se large 
numbers of people thirsted for knowledge 
group ownership of books gradually came 
about. Harvard College established a li- 
brary for its students in 16 ^8, and tow^ard the 
close of the century William and Mary 
College in Virginia organized one. During 
the following century Yale, Princeton, Co- 
lumbia, and Dartmouth all fouij^ded college 
libraries. To-day many of our universities 
^ave very fine libraries, and all colleges have 
servk cable collet t ions. 

Our Early Colonial Libraries 

Shortly before 1700 Dr. 'Hiomas Bray 
came over to this country as a missionary. 
He saw the need of books and went about 
the task of establishing parish libraries in 
Maryland and elsewhere. One of the first 
was the library of Trinity Parish, in New 
York (1698). The Bray libraries were in- 
tended for clergymen, but they were often 
used by other people and so are sometimes 
called public libraries. Various dates are 
given for the first public library in America. 
We know of one that was set up for the 
Indians in Henrico fh^*n-ri'ko) County, 
Virginia, in the 16 20’s; and 1653 has been 
given as the date for the establishment of a 
public library in the Town House in Boston. 

As education spread, the little collections 
we have described faile^^ more and more 
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In the readinK room of a modern library you will to read by. And perhaps best of all over this room 
find broad tables on which to spread your books, devoted to the pleasure and learning that is to be 
comfortable chairs to sit in, and good reading lamps found in books, quiet will reign. 


])ilial)ly to meet the needs of the jieople. 
'Fhen iho^v could afford it began to 

form a^s()ciati()ns which should l)uy Inioks 
tor the use of the members. 'I'his was a big 
step forward, e\en though only stockholders 
or annual subscribers tould borrow the books 
owned in this wa\ 

Benjamin Franklin’s Library 

One of the earliest and most memoraiile of 
those associations vaus founded by Henjarnin 
Franklin. In 17,^1, ^^hen he was still a jioor 
man, he brought together a group of some 
lifty young tradesmen in Philadelphia and 
helped them organize to buy such books as 
they had money for. Clifts swelled the collec- 
tion, and Franklin and his friends soon had a 
thriving little library. Another interesting 
library of early days was the “Revolving 
Library” of York and Kittery, Maine. Its 
name came from the fa( t that the entire 
library was sent from parsonage to jiarsonage 
in the three parishes in \\)rk and Kittery. 
In this way all the pcoi)le in the district 
could visit it. 

Another famous library, sometimes called 
the forerunner of our public libraries to-day, 
was the “Coonskin Library” (1802) at Ames, 
Ohio. Its history is very interesting and 
very revealing of the difficulty ]>eople had 
in getting books along the early frontier. 


The |)ion(Trs in the \icinit> of .\mes met 
together one day to discuss the building of 
roa<ls, one of the most important steps in 
founding a new community. And at the 
same meeting they thre.shed out ihe problem 
of getting hold of a few books. They had 
no money, but each of them had a willing 
])air of hands and of course each had a gun. 
i\cm the woods were full of bears and 
raccoons whose skins would bring a tidy 
sum in the cities east of the mountains. Why 
not let each man donate a number of skins 
to be sent to Boston and turned into money 
to buy books? Before long a pack horse 
brought out some sixty volumes and the 
Coonskin Library was well started. It was 
fittingly named for the skins that had gone 
to its purchase. 

The First Free Libraries 

A good many library associations .sprang 
up all over the count r>, but in sj)itc of them 
the needs of the majority of the people 
were not met. There was a growing demand 
for real public libraries, which should be 
supported by the state and free to all. The 
lirst response came in New York State, 
where school district libraries were set up 
(1S38) in the district schoolhouses, to serve 
not only the schools but all the people in 
tlie neighborhood. The plan spread to other 


LIBRARIES AND HOW TO USE THEM 

^ ■■■ I. II 


states and for a time worked very well, but 
the demand for books kept growing and soon 
something more was needed. Before long 
the public library as we know it to-day w'as 
actually launched in Massachusetts when 
the stale passed the first act (1848) author- 
izing a municipality to tax itself for the 
support of a free public library. Under this 
act the Boston Public Library was opened 
in 1854. This was the beginning of a move- 
ment that soon spread over the country. 

The Public Library of To-day 

Since then the idea of w’hat a public 
library should be has never ceased \o grow 
with the changing times. Our jniblic li- 
braries of to-day have special departments in 
such subjects as art and music, \isual mate- 
rial, and patents and flocuments. Branch 
libraries, traveling libraries, and deposit 
stations take the liooks close to the home.s 
where people live and the liusiness districts 
w’here they w’ork. Children's departments 
and w'ork in the schools now' are a large part 
of a library's service. 

Most of the large city libraries have 
bi riches scattered through the city. In 
them are interesting and useful books under 
the care of trained librarians. Sometimes 
these branches have charge of sub-branches, 
where a small collection of books under a 
trained librarian is open to the publii' for a 
few hours each w'cek. Sub-branches are 
often set up in jiark field houses, in outlying 
community centers, and occasionally in 
church recreation houses. Through a branch 
library one may get books from the main 
library; in the large cities library trucks 
make daily deliveries of books reijuested 
by the various branches. Naturally these 
convenient branch libraries arc very jjopular, 
and often carry a large percentage of the 
circulation of books in a city library system. 
Deposit stations are mostly collections of 
books set up in business houses, churches, 
clubs, and other centers for circulation within 
the group in whose hands they are placed. 
They are usually administered by an em- 
ployee of the institution that houses them. 

Rural districts too can borrow good books, 
sometimes from the state library and some- 
times from the county or township. State 


libraries may send out traveling libraries, 
package libraries, or deposit libraries that 
are placed in a home or a school in a given 
district. County and township libraries, 
too, may often get books from some large 
city library that is not loo far away. Some- 
times a city and county will combine in 
serv ing the people. 

“Bookmobiles” are growing more and more 
numerous along our country roadg. These 
auto trucks, carrying good-sized collections 
of books in the care of trained librarians, 
make trips into rural and outlying regions, 
w’here they stop by the side of the ‘road to 
let people living round about come and make 
a selection. 

The First Children’s Library 

One of the most important phas(‘s of the 
work of a modern {mblic library is its service 
to children and the srhooK. Thi* first chil- 
dren’s library was probably the one organi/(‘d 
in the little towai of West ('ambridge, Massa- 
chusetts, in 1*8^5, though there is a record 
of a juvenile library in Lexington, Massa- 
chusetts, as early as 1827. The West 
Cambridge library was foundeil upon a gift 
of a hundred dollars left for the purpo.se by 
a phvsivian, Dr. Kbenezer Leariu‘d, who 
washed to e.\|>ress his ai)previation of the 
^hos])itality the little village had showm him 
w'hen he w'as a young man. It was some 
time before his idea spread to any extent. 
A children’s library was esiablish(‘d in New 
York City in i<S.S5, ami fiv'e vears later a room 
was set aside for children in the Puiilic 
Library at Brookline, Massachusetts, 'fhe 
.separate room finally was recognized as the 
best way to house the children’s section of 
a public library. 

A Library’s Work for Young People 

'Fo-day nearly all large libraries have a 
separate children’s department, which con- 
ducts work in the branches as well as in the 
main library. Lsjx?cially trained children’s 
librarians organize children's clubs of various 
sorts, conduct story hours, teach children 
how to use the library, and help them in 
reference work and in choosing books. 
Lately a number of libraries, especially the 
larger ones, have set up “intermediate” and 
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The vaned fortunes of the library of Columbia Uni- 
versity show well what the development of libraries 
has been. To-day this great collection, one of the 
finest in the world, contains over 2,000,000 volumes. 
But in the early days before the Revolution, when 
Columbia was little King’s College down on Park 
Place, at the lower end of Manhattan Island, the whole 
of the college library was housed in a single room. It 
suffered sadly during the Revolution. Unlike many 
colonial colleges, King’s College had been founded by 
royal charter, and Myles Cooper, its president, was 
an ardent Tory. To be sure, he did not have things 
all his own way, for his views were constantly chal- 
lenged by a brilliant and patriotic young sophomore 
named Alexander Hamilton. It is only fair to say that 
Hamilton was loyal to his college as well as to his 
country, and that when a crowd of angry patriots 
gathered in front of the building demanding that 
President Cooper come forth, the young Hamilton 
held them with an effective flow of oratory while 
Cooper escaped by the back door in his nightshirt. 
But all Cooper’s Loyalist sympathies did not protect 
his library during Uie disorder that followed. The 
books were housed in City Hall and in St. Paul’s 
Chapel. Several hundred of them came to light in 
the church tower in 1801. But most of the rest had 
been stolen by the British soldiers and sold to buy 
liquor. One wonders what may have been the adven- 
tures of those lost volumes. 

“sfiiior” collections, quite distinct from the 
books written for younger children. 'Fhesi* 
intermediate collections are usually intended 
for the use of junior and senior high school 
students, and .sometimes for young people of 
college age. 

Besides all this, the children’s department 
does all it can to help the work of the schools. 
Children’s librarians go to the classrooms to 


Even after the Revolution the library was slow in 
growing. When the college moved up to Forty-ninth 
Street (1857) the collection contained only classical 
writings and works on theology, history, and science. 
It had no current literature. The hbrary was open 
only two or three hours a day, and students were 
discouraged from using it. The clergyman who was 
librarian used to brag about the amount saved every 
year out of the sum appropriated for buying books. 

To-day Columbia spends over $1,000,000 yearly 
upon her libraries, which serve an army of students 
from all over the world. The volumes are scattered 
through many rooms and many buildings, though the 
bulk of the collection is housed in two large structures. 
Above is the Low Memorial Library (1897), presented 
to the univei^uty by President Seth Low in honor of 
his father. Some years ago American architects 
voted it to be one of the ten most beautiful buildings 
in this coMntry. It was designed by Charles Follen 
McKim, and was the first building on Columbia’s 
present campus on Momingside Heights. To-day 
only rare books and special collections are housed 
in it, for in 1934 Columbia opened the Nicholas Murray 
Butler Library, designed by James Gamble Rogers. 
It has many reading rooms, a theater, a library school, 
and a large number of private studies for the use of 
individual scholars — in addition to space for a pos- 
sible 4,000,000 books. Large as it is, it will soon be 
inadequate. Already it is crowded. 

give interesting talks about books; they give 
advice to the teachers; they help jdan pro- 
grams for summer reading. In short, they 
do everything in their [Huver to make the 
children realiiie that the library is theirs, 
and to teach them how to use it. F^or a long 
time libraries have been sending small col- 
lections of books to the school classrooms, 
to be changed from time to time as the stuily 
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progresses. When a grade school or high 
school has a library of its own, maintained 
as part of the school system, the j)ublic 
library often gi\es Aaliiable service in pre- 
paring orders, and in marking, classifying, 
and catali)ging books. It may e\ en supervise 
the work of the school library, which of 
course is in the school building and is de- 
signed to be of especial help in school work. 
Large numbers of grade schools have such 
a librar\', and accredited high schools are 
required to have one. 

Most large public libraries give sfH'cial 
help to teachers. Often they have a teachers' 
room, where all sorts of hooks and magazines 
of interest to teachers have been gathered 
together. In the same way they are likely 
to have a business department and a ci\ics 
department for the use of business men aiKl 
all who are interested in public afTairs 

What Is a “Talking Book*’? 

Then there is a library’s work for the 
blind. For some years the larger libraries 
had books for the blind, but it was not until 
iQU that a law was j^assed providing that 
tb * United States government supply such 
books through the Library of Congress. 
Now most of the large libraries administer 
these collections for a wdde area. Books in 
Braille (bral) and M<K)n type are sent t<i 
[KJople living many miles from the library, 
and the mails carry such books free of charge. 

In some cases teachers are sent to the home 
to help the blind person learn to read. Be- 
sides books in Braille, libraries keep what is 
known as the “talking book.” This is a 
series of phonograph records on whit h a book 
has been recorded for the use of the blind, 
who have only to play the records on their 
own machines or on machines rented from 
the library or loaned by philanthropic groups. 

Hospitals too arc not neglected. Weekly 
shipments of books are sent them and li- 
brarians visit the patients to help them choose 
books. Sometimes a library will send a 
hospital a collection to be kept for six months 
or a year and administered by a member of 
the hospital staff, with occasional visits from 
a librarian. In children’s hospitals a trained 
children’s librarian makes weekly visits to 
distribute books and perhaps tell the children 
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stories. .Some hospitals, of course, have their 
ow n librarians and library staffs. 

Helping in Adult Education 

Adult education has made heavy demands 
on the modern library, both for advice in 
courses of study and for individual help in 
reading along especial lines. The library 
will make out a course of reading to guide 
a student in covering any desire<l subject 
and will put books on reserve for use as they 
are needed. Of course ])eople of all types 
and ages a\ail themselves of this valuable 
help. 

For the general public any library has all 
sort.s of interesting exhibits. It will arrange 
for talks before schools, women's clubs, ami 
other grou()s, will take part in conve/ilions 
and conferences, will associate itself with 
the i)usiness of a locality, and will use the 
radio to tell the people what it lias for them. 

Such a library, supported fiy ta.xation aivl 
open to all the peojile, who may examine 
books on the shelves and then take them 
home, is very different from the little as- 
sociation libraries that were its forerunners. 
Us aim is to serve the j)eo[)le, young and 
ohl, sick and well; and in order to serve them 
it will take its wares to out-of-tUe-way com- 
munities. And not only that, it draws peojile 
#of all classes to its bright and comfortable 
rooms, for it has taken a leaf from the book 
of modern business and advertises its s(*rv- 
ices through window' exhibits, book displays, 
lectures, newspaper articles, and radio talks. 
Our country w'ould be a vastly different 
place to-day if it were not for our jiublic 
libraries. 

The World’s Famous Libraries 

There arc a number of famous libraries 
in the modern w'orld. One is the British 
Museum in London. It contains over 
4,000,000 books and manuscrijils, and re- 
ceives a copy of every jiublication printed in 
the United Kingdom. The Bibliotheque 
Nationale (bc'ble'o'tCk' na'se'o'nal'), or Na- 
tional Library, in Paris is another famous 
modern library. It dates back to the four- 
teenth century, and contains over 4,500,000 
books, together with many manuscripts and 
prints. The Soviet Library in I^ningrad is 
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^iOthcr national library which contains 
priceless treasures in books anfl manuscri])ts 
collected by the czars for the early imj)erial 
libraries. It is the largest collection in the 
world. 

America’s Great Library 

In our own country the largest and most 
famous library is the Library of C'ongress 
at Washington, 1 ). C. It was begun in iSoo 
in a singloiroom, and lias grown to be one of 
the great libraries of the world. It is es- 
pecially rich in history and early American 
material. In ly^o it added an extremely 
valuable* collection of what are known as 
incunabula (Tn'ku-nrd/ii-la) - that is, books 
printed liefore 1500 A. I). The Library of 
Congress contains more than four and a half 
million books and jiamphlets, and nearly 
three million other items, including prints 
and music. It is constantly growing, for 
under the copyright law it must receive two 
copies of every book published in the United 
States. 

besides the ])ublic libraries there are a 
certain number of great specialized libraries 
whiih are public in the sense that any (piali- 
lied jMT.son may use them. I'hey are not 
tax-sui)i>orled, and are usually maintained 
by an endowment left by the man who 
started the collection. In the Unile(i States 
we have, for instance, the Henry K. Hunt- 
ington Library at San Marino, California, 
noted for its book and manuscri])t collection 
of hmglish literature and for its early Ameri- 
can material. 'Lhe Henry C. Folger (forjer) 
Library in Washington, D. C., c'ontains one 
of the .vorld’s finest collections of .Shakespeare 
editions. The John Crerar Library in Chi- 
cago, the Newberry Library in the same city, 
and the PierjMmt Morgan Library in New' 
York are all great collections ]nivalely en- 
dowed but devoted to public use. 

The American Library Association 

The beginning of the modern imblic library 
movement as we know it to-day may Ik' 
said to date from 1876, when the American 
Library Association was organized. OHicial 
headquarters were at one time in Boston 
but are now in Chicago. This association is 
constantly working to extend and improve 


the great service that libraries give to the 
people. It has accomjilished great things, 
but is constantly trying to raise the standards 
of lil)raries everywhere and to bring the 
priceless companionship of good bcK)ks to 
the millions of Americans wdio still have no 
library service within easy reach. 

To help achieve its end it has .supervised 
the flevelopment and accrediting of library 
.schools for the training of librarians in all 
fields. Since the establishment of the fir-^t 
library schot)l at Columbia University (1887), 
twenty-five others have been added to the 
list, ami standards in all of them are con- 
stantly being raised. In some of its work 
the association has the use of funds donated 
by t he Carnegie Corjxiration. On other pages 
we have told of the great w'ork of Andrew 
Carnegie fkar-na'gi^ in establishing public 
libraries throughout the land. 

Do You Know How to Use a Library? 

In order to feel at home in one of our 
libraries to-da\ one needs to know a little 
about how' to use it. It is not enough that 
you may go to the o[)cn shelves and select a 
book, though that is a great advantage which 
a borrower did not have in the earlier li- 
braries. It was much harder to make a 
selection when you had to go to the catalog, 
fill out a slip, and w'ait for the book to be 
brought you before you could tell w'hether 
or not it was what you wanted. 

Hut no large library can put all its books 
on open sheK’cs, so one needs to know* how 
to choose books fnmi the catalog. Some- 
where in a convenient spot in any library 
>ou will find a large case txmtaining rows of 
drawers. In the drawers are tiles of cards, 
a card for every book in the library, and for 
pamphlets, magazines, and other material 
as well. Books in the card catalog are ar- 
ranged alphabetically under the authors’ 
names. In the upper left-hand corner of the 
card is the book’s “call number" — a number 
assigned it under a very simple and useful sys- 
tem of classification. Often this is the Dew'ey 
decimal system, devised by Melvil A. Dewey, 
a pioneer in library w'ork. The introduction 
of this system was an important forward 
step in the development of libraries in this 
country. 
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The Dewey system divides the field of 
knowledge into ten great divisions as follows: 

ooo to 099 (ieneral Works 
100 to 199 Philosophy 
200 to 29Q Religion 
300 to 399 Sociology 
400 to 499 Language 
500 to 599 Science 
600 to 699 Useful Arts 
700 to 7QQ Fine Arts 
800 to 8 c) 9 Literature 
900 to 999 History 

Each of these classifications is again sub- 
divided until we have each number standing 
for some definite subordinate classification. 
For instance, 500 is for science in general; 
580 is for botany, a division of science; 582 
is for trees, a division of botany. If you 
wished to record a subdivision under trees, 
you would put a decimal point after 582 and 
then add a number for your subclass. In 
this way one may bring a classification down 
to as small a division as seems necessary by 
adding more numbers to the right of the 
decimal point. 

The Letters in the Call Number 

In many libraries there will be one or more 
letters and numbers below the first row of 
numbers in the call number. These letters 
are the first or first and secon<I letters in the 
author’s last name or in the name of a 


series of books to which your book may 
belong. The numerals that follow belong 
to a particular work by this author or a 
particular work in the series. Lei us suppose 

01X.7 

you find ^ ; as the call number for Pro- 

(IS31 

fessor Herbert L. Osgood’s w'ork, “The 
American Colonies in the Seventeenth Cen- 
tury.” As we have said, 973.2 will refer to 
this juirlicular ])hase of American history. 
“Os” are the first two letters of Professor 
Osgooil’s name, and “31” show's w'hich one 
of his works this is. Every publication has 
its ow'ii number. 

How to Draw a Book from the Library 

On your card you will find, besides the 
call number, the name of the author with 
the surname given first -the title of the 
book, the name of the publisher, the place 
of publication, and the dale of the i^resent 
volume. Then there w'ill probably be in- 
formation as to the si/e and shape of the 
book ami perhaj^s as to its contents. There 
freciuently is still further information about 
the work. If you make up your mind that 
you would like to see it, you will make out 
a slip bearing the call number, the author’s 
name, the title of the l)ook, and your own 
name. An attendant at lht^ loan desk w'ill 
get you the bot)k. This simple process has 
put in your hanrls an instrument of knowl- 
edge that not even kings could command a 
few centuries ago. 
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